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. NOTATION

The following is a list of tﬁe acronyms, initialisms, and abbreviations {including unirs of
measure} used in this document. Somie acronyms used in rables or equations are defined orniy in the
respecuve tables or equatmns :

ACRONYMS, INITIALISMS, AND ABBREVIATIONS

General

ACL alternate concentration limit

AEC Atomic Energy Commission

ALARA as low as reasonably achievable .

ARAR - . applicable of relevant and dppropriate rtqulrement

BRA. baseiine risk assessment

CERCLA Comprehensive Environmental Response Campensatmn, and Llahﬂ:ty Act

CFR " Code of Federal Regulations

COC contaminant of concern

COPC contaminant of potential concern

D&D decontamination and decommissioning

. DCG Derived Concentration Guide

DOE U.S. Department of Energy -

DWEL drinking water equivaltent level .

EPA U.S. Enviranmental Protection Agency

FR B Federal Register

FS feasibility study

GAC granular activated carbon

HDPE high density polysthylene

HGMS high-gradient magnetic separation
Ky distribution coefficient

MCL maxirum contaminant kevel

"MCLG maximum contaminant level goal

NCP Nationat Oil and Hazardous Substances Contingency Plan

NEPA National Environmental Policy Act

NPDES National Pollutant Discharge Elimination System _ :
NPL  National Priorities List | I
NRC. . U.S. Nuclear Regulatory Cmmmssmn _ ' o '
O&M - operation and maintenance ' o .
OSHA Occupational Safery and Heaith Administration - |
OSWER Office of Solid Waste Management _ 2
PAH polycyclic aromatic hydrocarbon . '
PCB polychiorinated biphenyl ' ' ]
PVC polyvinyl chloride
QROU quarry residuals operable unit l




e

[ S LS SRR S T

QWTP quarry water treatment plant

RACES _ Remediat Action Cost Estimating and Reguirements System
"RD/RA | remedial demgn!rem:dml action
RiD . reference dose
RI - remedia} investigation
ROD Record of Decision
"~ SDWA - . Safe Drinking Water Act
TBC . to-be-considered (requirement)
TSP total suspended paruculates
- uv ultraviolet

WSSRAFP Weldon 5prmg Site Remedial Action Prq]cct

Chemicals

co © carbbn monoxide -

DNT dinitrotoluene

HCl hydrochloric acid

. NO, " pitrogent oxides

PAH polyeyclic aromatic hydrocarbon

PCB polychiorinated biphenyl

50, sulfur oxides
‘'TNB trinitrobenzene

TNT trinitrotoluene

uo, uranium dioxide; urammte {mineral form)

USi0, coffinite

Units of Measure

*C degree(s) Celsius h hour(s)

Ci cune(s) ha “hectars(s)
em centimeter(s) in. . inch(es)
em? cubic centimeter(s) kg kilogram(s)

4 day(s} kmn kilometer(s)

dpm - . disintegration(s) per minute L litex(s)

°F 3 degree(s) Fahrenbeit Iv pound{(s)

ft _ foot {feet) m meter(s)

f? squate foot (feet) m? square meter(s)
i} - " cubic foot (feet) m® cubic meter(s)
g . gram(s) ' Ing milligram(s)
gal gallon(s) mi mile(s)

min minuke(s}

gpm -gallon(s) pei' minute

R
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mitliliter(s)
mijlimeter(s)

* millirem

miilisievert(s)
picocurie{s)

part(s) per miliion
pound{s) per square inc
second(s} : .
cubic yard(s)

year(s}

microgram(s)
micrometer(s)

...... q—————— e e
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ENGLISH/METRIC AND METRIC/ENGLISH EQUIVALENTS

Multiply ' ' By

o Qbtain

Enplish/Metric Eqnimk&ﬁ
acres . _ _ G.4047 hectares {ha)
cubic feet {f°) 0.02832 cubic metets (m')
cubic yards (yd’} 0.7646 cubic meters {m’)
. degrees Fahrenbait (°F} -32 0.5555 degrees Celsius (°C)
feet ifit) ) 03048 feters {m)
gallons {gal} 3,785 liters (L) _
. gallons (gal} Lo 0003785 cubic meters ('}
Cmches¢ing. L T 7T Yo asap censimeters (om)
miles (mi) _ 1.609 kilometers (km)
pounds {Ib) . 0.4536 kilograms {kg)
short tons (1ORs} - 072 kilograms (kg)
short 1ons (tons) 08072 metric 1ons (1)
square fzet (ft 109260 square owiers {ml}
square yards (yd™) 0.8361 . square meters () -
square miles (Mi*) ' ' 2.590 square kiloraetess (km?)
vards (yd} - 0.9144 - meters (m) '
. Meric/English Equivalents
centimeters [CR) {.3937 inches {in.)
cibic meters (m*) 3531 cubic feet (£15)
cubic meters (M) - . - 1308 cubic yards (yd?)
cubic meters (Mm%} 2642 galtons {gal)
degrees Celsius {*C) +17.78 i85 degrees Fahrenheit ("F)
hectares (ha) 247t acres
kilograms (kg) 2205 pounds (1)
kilograms (kg) 0001102 shott tons (lons)
kilometers (km) 0.6214 miles (i)
titets (L) : 0.2642 gallons (gal}
meters (m) o 3.281 feet (1)
melers {m} _ . 1054 yards (¥d)
memic tons (0 1.102 shot toas (fons)
square kilometers (kmt™} 0.3861 square miles (M%)
square meters (M) 10.76 square Feet (%)
square meters (m?) : 1.196 saquuare yards {yd?)

Xiif




March 17, 1998 -

oo




1.1 Mareh 17 1948

FEASIBILITY STUDY FOR REMEDIAL ACTION
_ FOR THE QUARRY RESIDUALS OPERABLE UNIT
AT THE WELDON SPRING SITE, WELDON SPRING, MISSOURI

1 INTRODUCTION

The U.S. Department of Enérgy (DOE) is conducting cleanup activities at the Weldon

Spring site, which is located in St. Charles County, Missouri, about 48 km (30 mi) west of 5t. Louis
(Figure 1.1). Cleanup of the Weidon Spring site consists of several integraied coraponents. The

quarty residuals operable unit (QROU) is one of four operable units being evajuated. In accordance
with the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as

amended, a remedial investigation/feasibility smdy (RIFS) is being conducted to evaluate conditions

_and potential responses for [he following. areas and/or media that constitute the QROL™: (1) the

residual material (soil nd sédiment) rérnaining at the Weldon Spring quarry after removal of the

butk waste (about [1 million L {3 million gai] of uraniumn-contarinated ponded water was also
addressed previous 1o buik waste removal); (2) other media located in the surrounding vicinity of
the quarry. including adjacent soil; surface water, and sedimnt in Femme Osage Slough anid several .
~ creeks: and (3) guarry groundwater located primarily north of Femme Osage Slough. Potential
impacts o the St. Charles County well fieid downgradient of the quarry arta are aiso being addressed
as, part of QROU RIFS evaluations. ' :

For remedial acticn sites, it 15 DOE policy to mwgrate values associated with the National
Environmental Policy Act (NEPA) into the CERCLA decision-making process. The analyses
contained herein address NEPA values as appropriate to the actions being considered for the QROU,

A work plan summarizing initial site conditions. and providing conceptual site hydro-
geological and exposure modeis was published in January 1994 (DOE 1994b). The RI{DROE 1998b}
and baseline risk assessment (BRA) (DOE 1998a) reports have been completed. The RI discusses

in detail the natire and extent and the fate and transport of contamination at the quarry area. The
~ BRA provides a combined baseline assessment of potential buman health and ecological impacts and
- estimates the magnitude of potential bealth risks and environmental impacts that would be associated
with QROU contaminants if no remedial action were taken. This FS is being prepared to evaluase
potential options for addressing contamination at the QROU in accordance with the integrated
environmental compliance process for the Weldon Spring Site Remedial Acton Project {WSSRAF)
(see Figure 1.2). This FS provides sufficient information to support an informed decision addressing
the various components of the QROU., A brief description of the history and environmental setting
of the g area is presented in Section 1.2. Key information regarding the nature and extent of
contanination and the results of the BRA are presented in Sections 1.2 and 1.3, respectively.




March {7, {908

SIONITH 4/
j mnossIn

1 )] *

1
. LTt

i . .
.“____.k___ e 00 6N IS,
CoL I u\ 00y S8Ry 18

R

)

.q__ o .J...,..r..
N N | £ ¥




arch 17, 1998

Ml

) SHUN DROS A DINIGULEY BuE

e Foemb S GUE ol

. mopmpouny g Jupds vopg, Jo sjusucdwed 2'1 FHNDI

FEORLLOSD DU 10 SUORE UROR GR0RNNT o1 AQ PSSAPOR MO DOIDUNITRIGH

= NEALIRAL LY SBpEEN g:ﬁﬁﬁﬂn ~5i-g} uﬁﬁnﬁﬁ%
1

AR SR B[ N

{avayd uoyeusumIDOp
?ﬁa!%ﬁtﬁﬁ%ﬂ!é Y BpaG) JEEMPUROICY BB PESEaIY . ?ﬁ-ﬁaigi_
1 T - ] h B% PRESSSDPY
oy smosies| | |
. ) . JQPRAA SrOELN
, R | WO Amaup, wEmpunessy | | senpeod PROS
$98004] U : s, Tsooold | | uoumelap pue ™ : ] —]
stqa( Supwd . { meg meunRelt | ] SHI0G pAjEMGIG . :
H . A - m .“ ml..:.l..t.-..:-..i-.tntiiu...-|-.-lll-llul.._t_...::l!:.!_....il |||||||||||||||||
u.._m_._..iucm_u.ﬁ ; s L ; ¥ E!:ﬂwm
T - I S SO S :
: P MRS 0f QoU WA | “ : . i
_ S\ e epeusy L m
. " . : {hur) oxsedo eizem i
rere e L LI (w1 e wng Ecﬁnﬁm; {y2/33 @a
LONDY [RADILGYL) - | uonoy peasisey) e RRLLCEE OOt T b AT =TT UG RRAOUEOH)
SINPNYS 8410 - | spuog pue sig Eﬁﬂﬂﬂu . $OJEAN A0EUINS
pue shuppng C | waees eovpng SREEAA (PIOS) ERg .puogd
I . i F
?&EEE&@ @3%3&?@
T 1
B4V JuBid IPOMISYD . Aueng
K ._ :
B . ays Bupdg uopiem
._Il-..l._ - Lo T L




e | March 17, 1998.

L1 SITE BACKGROUND

1.1.1 Site Hlstnrv and Descriptmn

The Weldon Spnng quarTy is lmated in $t. Charles County, Missouri, about 8 km (3 mi)
southwest of the city of Weldon Spring and 48 km (30 ini) west of the city of St. Louis (Figure 1.3).

. The quarry is about 6.4 km (4 mi) south-southwest of the chernical plant area; it is accessible from
State Route 94 and is currently fenced and closed 1o the public. The quarry is surrounded by the
Weldon Spring Conservation Atéa (Figure 1.3). In October 1985, the U.S. Environmental Protection
Agency (EPA) proposed to list the Weldon Spring quarry on the National Priorities List (NPL)
because of its proximity to the St. Chartes County well field: this listing occurred in July 1987 (EPA.
198'?} :

The quarry was excavated into a limestone bluff that formns a valley wall at the édge of the
Missouri River allavial floodplain. Before 1942, the quarry was mined for limestone to support .
various construction activities. The quarry is about 300 m (1,000 ft) long by 140 m (450 f) wide and
covers an area of approximately 3.6 ha {9 acres). :

The quarry was used by the Ammy for disposal of chemically contaminated {explosive)
materials beginning in the 1940s and was transferred to the U.S, Atomic Energy Commission (AEC)
in July 1960 for use as a disposal site for radicactively contaminated materials. The AEC used the

* quarry to dispose of uranium and thorium residues (drummed and uncontained), radioactively
contarninated building rubble and process equipment, and trinitrotoiuene (TNT) and dmltmmlnene _
.(DNT) residues from cleanup of the former ordnance works.

' In October 1995, the removal of approximately 107,037 m? (140,000 yd) of soil and waste
material from the quarry was completed. This material was transported to the chemical plant area '
for final ptacement in the disposal cell, which will soon be completed. o

Prior 10 bulk waste removal, an estimated 11,000 m’ (3 million gal) of contaminated water
condained in the quarry pond was also removed and wreated. Although technically a surface water.
body, the quarry pond is isolated from the surface water system. The quarry pond collects rainwater
and surface water runoff from the rim and higher leveis of the quarry proper. The pond also receives
some groundwater discharge along its northern, upgeadient wall and discharges to the groundwater o
via near horizontal partings near the K1mmsw1ck ijestsnefbeconh Formation contact akmg its
southern wall. :

Currently, routine monitoring is performed for urdnium. Since April 1996, uranium lei*ﬂs- _
have fluctuated between 400 and 550 pCi/L but have never exceeded the 600 pCifl. criterion (DOE ' 1
1998a). In addition, restoration of the quarry proper itself is currently being planned. Flans would
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include removal of potentially um&ining_:umaminata& soils and é._tructurcs, backfilling the quarry,
 final grading. and heul road restoration. One of the first tasks of restoration is the removal of existing

structures (e.g.. the gquurry water treatment plant (QWTP) and associated structures) and

contaminated soils remaining in the quarmy proper. primarily soils in the North Slope arex
Preliminary characterization of the North Slope area has been performed; results indicate potentially

contaminated soil to be present. A complete determination has not been possible because of access |

limitations. The area in question is fairly steep. Cnusequently the potential for exposure to
contaminated soil, if any, is not likely. Some minor résidual contamination present within the

' drainage ditch near the transfer station and possible soils underneath the transfer statmu would glso

be rernoved,

The carrent restoration design plan includes backfilling the quarry with soil to reduce fall
hazards and to stabilize the north and south highwalls. The backfill would cover and fill all floor
- fractures at the 152-m (500- ft) bench and below. with atdeast 2 m (5 fi} of material. The material used
for backfil} wili be engineered 1o reduce the potential for mobilization of residual contaminants into
the groundwater. Restoration will be designed to either force groundwater flow to go around the

inner quarry area, or altemarively, canse the groundwater withirs the footprint of the inner quarry area

to pass through an amenuation layer to prevent the flow of comtamination, More definitive
specifications regarding backfill activities will be determined in the design phase of quarry
restoration. The design will alse effectively prevent residual contarninants in the cracks and fissures
{ie., flakes of yellowcake) from mobilizing to the surface through erosion andfor freeze/thaw action,
thus further reducing the low potential risks associated with external garmra radiation and ingestion.
Mobilization of cofitaminams into the groundwater will not be likely, because the: benches are in the
unsaturated portions of the bedrock, and infiltration of precipitation will be prevenied by the final

grading designed to promote sheetflow. Restoration will be designed 1o prevent ponding of water

in the quarry and to minimize erosion. Final grading of the quarry will be accomplished to jeave the
area compatible with sheetflow and to retarn the area as close as possible to its natural contours.
Haul road restoration is #xpected to be minimal, Restoration activities are currently planned for the
fall of 1999.

1.1.2 Sie Environmental Setting

1.1.2.1 Soil and Geology

* The generalized hydrostratigraphy in the Weldon S_jm‘hg area is presented in Figure 1.4.
Regional aquifers include shailow, middle, and deep bedrock systems and the aluvial system
(Kleeschulte and Emmett 1986). Upper-and lower confining units are also defined in the regional

hydrostratigraphy. The shallow bedrock aquifer system and the upper confining unit shown in '

Figure 1.4 are not present near the quarry.
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Unconsolidated surficial materials are present in the area of the Weldon Spring quarry; loess

~ deposits and residual soils cover the Gpland regions, and alluvium occurs along the stream and river

valleys. Coarse-grained deposits constitute the bottem 6 10 24 m {20 to 80 ft) of the Missoust River

floodplain. Fine-grained deposits onstitute the upper 4.6 1o 7.6 m (15 10 23 &) of the Missours River
floodplain and ‘the full thickness of Liule Femme Osage Creek and the Femme Osage Creek

alluvium (DOE 199813]

The uppermost bedrock unit in 1 the vicinity of the quarry is the Kimmswick Limestone of
Ordovician age. The Kimmswick Limestone is underiain by other Ordovician strata tht inclode, in
descending order. the Decorah Group (shale and limestone), Plattin Limestone, Joachim Dolomite,.
and St. Peter Sandstone. The sides of the guarry expose the Kimmswick Limestone, whereas the

. bedrock floor of the guarry lies in the upper portion of the Decorah Group. The original floor ef the
quarry was excavated about im {15 ft} into the Dccnrah Gmup (DOE 19931:]

The Ksmmsmck leesmn:e JS chmmzed by. so:'lutmn-enlarged feamres a.ssucmted w1th_

the intersection of vertical joints, bedding planes, and fractures. The Decorah Group lies below the
. Kimmswick Limestone and is composed of finely crystalline to lithographic limestone. It is about
9 m (30 ft) thick and consists of thin- io medium-bedded limestones with interbedded gray, clayey,
fossiliferous shale (Whitfield et al. 1989). Underlying the Kimmswick Limestone and the Decorah
Group is the Plattin Limestone, a slightly cherty limestone that is finely crystalline to lithographic
and thin to medium bedded. The lower 1.5 t0 3 m (5 to 10 ft) is sometimes a dolomitic limestone that
is argillaceous and fine to medium crystalline. k ranges in thickness from about 24 t0 4] m (80 to
135 fty and contains enlarged solution joints in many places"(Whitfield et al. 1989). The Joachim
Dolomite, which ranges from 18 to 24 m (60 w0 80 ft) in thickness, underties the Plattin Limestone.
East and south of the quarry, the Kimmswick Limestone and Decorah Group are truncated by an
erosional surface that is. overlain by alluvial deposits associated with the Fernme Osage Slough and
the Missouri River (Figurs 1.5). -

The alluvium extends from the base of the bedrock bluifs along Katy Trail to the Missouri
River. The primary sediments between the bedrock bluffs and Ferume Osage Slough are silts and
clays. Between the quarry and Little Femme Osage Creek are silts and clays, with several layers of
sand down to bedrock. The alluvial material south of the slongh consists.ef about 5 m (15 ft) of silty - -
clay material underlain by well-graded sands and gravels to bedrock. The contact between the
Kimmswick Limestone and Decorah Group, which may provide the primary pathways for migration
of contaminants from the quarry-ares, is in contact with fine-grained soils, siity clay, and organic silt
and clay north of Femme Osage Slough (DOE 1998b). Clay fillings are present in many of the joints.
The fracture surfaces along the biuff and on the quarry walls are typically eiched with patterns, an
indication that most of the fractures have been in contact with groundwaier, Field observations and
borehgle infiltration tests suggest that, with depth, the joints become increasingly tight and that the _
nurmnber and size of fractures decrease (DOE 1998b). ' '
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FIGURE 1.5 Cross Section through the Quarcy Area

1.1.2.2 Hydrogeology

 Groundwater in the vicinity of the quarry occurs in alluvium, fractored limestone, and
sandstone (Berketey Geosciences Associates 1984, The uppermost groundwater unit is composed
of carbonate rocks near the quarry. tributary alluviumn near Listle Femme Osage Creek. and Missouri
River alluvium between the quarry bluff and the Missouri River. Water table (unconfined) conditions
typically occur in the alluvium; confined to semiconfined conditiens occur in the bedrock and
aluvium where layers of varying permeability are present. The St. Peter Sandstone. about 80'm

(300 ft) below the floor of the quarvy, constituiés the deeper aquifer.

In the vicinity of the quarry, groundwater flows primarily from north to south, and a
westward gradient runs from the quarry to Little Femme Osage Creek. South of the quarry rim, the
direction of the groundwater flow is generally south to southeast toward Femme Osage Slough. In
the alluvium south of the slough, groundwater is within 3 m (10 &t} of the ground surface, although
the depth to water varies with seasonal pumping demnands in the nearby St. Charles County well feld
and with water levels in the Missouri River (see Figure 1.6).
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- Between Katy Trail and the slough, shatlow groundwater flow occurs in fine sediments that
have low hydrautic conductivities. Well yields in this area typically range from less than 0.03 to
0.16 Lss (0.5 10 2.5 gpm). With increasing distance from the slough, the sediments become more
coarse and the hvdraulic conductivity increases. The St, Charles County wells pump an average of '
10.5 million gallons per day based on the typical five-well production scheme. :

The hydrautic gradient between Katy Trail and the slough is generally southward toward

- the slough. In general. the groundwater elevation data indicate a southeasterly gradient across the

slough. At most locations, the slough is a source of recharge to the shallow groundwater. However,

at some locations north of the slough. groundwater levels are hlgher indicating dlscharge to the'
slough (DOE 1998h).

_ Recharge 1o the bedrock in the vicinity of the quarry is limited to infiltration from precipi-
tation or storm runoff. The bedmck discharges 10 the Missouri River alluvium. Recharge to the '
aljuvitm south of the slough occuirs primarily from the Missouri River, intermittént surface flooding,
infiltration of precipitation, and dischazge from the bedrock.

1.1.2.3 Biotic Resources

Much of the land surrounding the quarry consists of three state-owned conservation areas:
August A. Busch Memorial Conservation Area, Weidon Spring Conservation Area, and Howell
. Island Conservation Area. These conservation areas contain second-growth forest; the nonforested
areas are actively managed for upland game pfoduman :

Aquatic habitats in the vicinity of the quarry include the Missouri River, Littie Femme
Osage Creek, Femme Osage Slough, and numerous small, unnamed creeks, drainages, and ponds
throughout the Weldon Spring Conservation Asea. In addition, the nearby August A. Busch
Memoriel Conservation Area contains more than 35 ponds and lakes: however, these ponds and
lakes are in the Mississippi River drainage and are not influenced by the quasry area.

The U.S. Fish and Wildlife Service (Frazer 1995) has identified the potential for five
federal-listed threatened or endangered species to occur in the vicinity of the quarry area: three birds
(bald eagte, peregrine falcon, interior Jeast tetn), one fish {pallid_sturgm}. and one plant {(decurrent
false aster). The Fish and Wildlife Service has also identified several candidate species as possibly i
occmnngmthea:ea.TheMssounDepamneMofCunsewmonhaudelmﬁedlSmeudmgmd Lo
and 19 state rare species for St. Charles County (Dickneite 1995). However, many of these species
are Tiot expected to occur at the quarry area; some oaly pass through the area during migration. For -
other species, the quarry does not contain suitable habitat. To date, only the bald eagle has been
observed in the vicinity of the quarry area (DOE 1998b), and all of those birds were sighted near the
Missouri River and away from the quarry proper. .
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l 1.2.4 Land Use and Demuwhy

The W:]cien Spring quar'}r is Inc:tl‘.:d within the Weldan Spring Conservation Area. which
occupiss an area of 2.977 ha (7,356 acres) and is managed for recreational use by the Missouri
Department of Conservation. The August A. Busch Memorial Conservation Area and the Howell
Island Conservation Area are notth and east of the quarry, respectively. The Busch and Weldon
‘Spring conservation areas collectively receive over 1 million visitors each year (Crigler 1992), Katy
; TmﬂmsﬂmWeldonSpnngCnnservmmﬂmgthemmufanabmdonedmh'mdbﬂ
that runs adjacent to the scuthern margin of the guarry. This trail, which was established by the -
Missouri Department of Naturat Resources, is used annually by several thousand pcaple from the
local area.

Lecal communities include Defiance, which is situated about 5km (3 mi} from the qﬁarn? |

withl a-population of 100:an8 Wildon Spring und Weldon Spring Heights, which are Jocated sbout - - -

8 km (5 mi) northeast of the quarry and suppor a combined population of approx.tmalcly 1.500
(LS. Bureau of the Census i991).

1.2 NATURE AND EXTENT OF CONTAMINATION

The nature and extent, of contamination at the QROU are discussed in detail in the RI (DOE
1998b). The following brief sunuimary is included to provide the necessary background information
to indicate the relevance of the technologies and altematives that have been evaluated for this FS.

Contaminated media at the QROU can be generally categorized into three separate entities:
(1) residual soil inside the quarry proper and alluvial soil outside the quany proper, (2) contaminated
surface water and sediment at Femme Osage Slough and nearby creeks (Little Femme Osage Creek
and Femme Osage Creek) and (3) contaminated groundwater in the shallow aguifer system
{primarily north of the sleugh). Background samples were also collected for each medium of concern
10 delineate those naturally occurring contarninants attributable to the site.

1.2.1 Sell

At the quarry proper, soil was sampled from the rims and slopes, and sediments were
sampled from wall and floor fractures and from the ramp and floor of the quarty surp (see
Figure 1.7). Potential contaminants identified in soil samples from the rims and stopes included
isotopes of radium; thorium, and uraninm; select metals; nitroaromatic compounds; pelycyclic
aromatic hydrocarbons (PAHSs); and polychlorinated biphenyls (PCBs). In disturbed soil on the nim
and knoll of the quarty, only selenium, silver, zinc, radium-226, thorium-230, and uranium-238 were
detected at concentrations significantly higher than background levels. In samples from the quarry
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FIGURE 1.7 Soil Sampling Locations ig the Quarry Proper

fractures, lower levels of contamination were found in the wal] fmcmrﬁ than in floor fractures.
Radium, thorium, and urapium isotopes. and aluminum, selenium, and silver were detected at
concentrations exceeding background levels: samples collected from the sump area were primarily
contaminated with radium-226, thorium-230, uranium, and low levels of PAHs. A radiological
survey of the quarry rock surfaces was also perfonmed. Exposure ratle meastiremenis elevaied above

background levels were primarily limited to fractures or depressions where sediment and fine
particles of waste have accumulated. ' '

Quiside the quaﬁy proper, surface and subsurface soil samples were collected; the focus

~ was on the area south of the quarry between the Katy Trail and Femme Osage Slough (see

Figures 1.8 and 1.9). The area sampled included Vicinity Property 9, which was remediaied in 1996
under the Record of Decision (ROD) for the chemical plant ares (DOE 1993b). Low conceatrations
(but higher than backzround levels) of uranium are sorbed onto soils located between the quarry and
the slough. Lead and zinc were detected at low levels above background in shaflow soils south and
east of the quarry. Elevated levels of metals in this area may have been transported in groundwater
from the quarTy, but may also have been derived from flond-related overbank deposits of fine
sediment carried by the Missouri River or from runoff from the Ordnance Works area. Low levels
of nitroaromatic compounds (i.¢., less than 1.7 ppr) were detected in soils to the east, west, and
south of the guarry. Contamination was generally found in shallow soil, but was also detected in a
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* FIGURE 1.8 Surface Soil Sampling Locations Outside the Quarry Proper

few locations in the deeper intervals. Nitroaromatic contamination in smls 13 likely a result of
groundwater transport and sorption on organic material.

1.2.2 Fernme Osage Slough and Creeks

Surface water and sediment from the upper and lower reaches of the Femme Osage Slough,
Litrle Femme Osage Creek, and downstream portion of Fernme Osage Creek have been characterized
for radiclogical and chemical contamination. Contaminants detected at concentrations higher than
background levels in swiface water in both the slough and creeks included aluminum,; chromium,
iron, and zinc. Uranium, sulfate, nitrate, and slightly eievated levels of arsenic, manganese, nickel,
and stroptium were also detected in the slough. Silver and low levels (i.e., less than 0.1 ug/L) of
nitroaromatic compounds were detected in sutface water in the creek only. Nitroaromatic compounds
were detected in Little Femme Osage Crsek uvpgradient of the quarry; the source of this
contamination is believed o be runoff from the Weldon Spring Ordnance Works area.

Contaminants elevated over background levels in slough sediment include uraniym, sulfate,
nitroaromatic compounds, aluminum, beryllium, cadmium, calcium, chromitm, copper, magnesium,
manganese, mercury, molybdenum, nickel, sr'.'!eni_um, strontivm, and vanadium. Uranium, calcium,
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‘magnesium, and strontium were also elevated in creek sediment, but in general, contaminant
concentrations were lower than in the slnugh An exeeption was antimony. which was not dm:ct:d
in the slough L

Possible contamination in the ¢reek may be atributed to past site activities or flood

. . deposition from the Missouri River. Linw levels of uranivm in sediment may be a result of runoff

from former Vicinity Propesty 8. Plausibie sources of contamination in the slough include
groundwater seepage. munoff from Vicinity Property 9 prior to remediation, and mixing with
Missouri River water. Several metals that were elevatcd i the creek and slough were also elcvawd
in the river.

Fish from Fermnme Osage Slbugh were collected and analyzed to investigate any potential
impacts from site contarminants. Species sampled from the slough included white and black crappie.

largemouth bass, sunfish. and several bottor feeders such as bigmouth buffalo, yellow bullhead, and-. - .. *."

commot carp. Fish samples were analyzed for uranium, radiuim, thorium, arscnic, lead, and meseury.
Samples were prepared s fillets, fishcakes, and whole-body samples. Analyses indicated low-level -

_concentrations of metals (i.e., Jead, arsenic, and mercury) and uranium, similar to concentrations
detected in the background samples coliected from Busch Lakes 33 and 37. Radium and thorium
isotopes were not detected in any samples {‘HLK -Ferguson Cmnpany and Jacubs Engineering Group
1995; DOE 1998b).

1.2.3 Groundwater : - .

Cun:a:mnancrn of groundwater underlying the quarry area has been characterized from data
coliected from & network of monitoring wells. This network includes 19 wells that monitor ground- -
water in the bedrock system and 30 wells that monitor groundwater in the ajluvium; the latter include
the St. Chartes County wells (see Figure 1,10). Ten years of datg were mralumed in determining the
~ nature and extent of ¢ontamination. The prirmary contaminants in gmundwucr are uraniim and
nitroarornatic compounds. These contarninants were likely derived from contaminated bulk wasies:

- that were previously disposed of in the quarry. Although other contaminants were present inquarry

bulk wasies, these contaminants are more soluble and wm leached from the bulk wastes into the
bedmck and alluvial aquifer.

Contamination in groundwater is primarily limited to the arsa north of the slough. Over the
10 years of moritoring, nitroaromatic compounds at concentrations greater than 1 pg/L have been
detected in only six wells: four shallow bedrock wells and two alluvial wells located north of the
slough. Uraninm contamination extends from the soithern margin of the quarry eastward and
souttiward to the slough. Slightly elevated levels of uranium have been measured in one well south
of the slough (RMW-2); in general, however, concentrations of uranium in wells south of the slough
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_ are & background ievels. The highest concentrations of uranium have been detected in v{eli's along
the southern rim of the quarry and southward in the alluvium near Vicinity Property 9. The rapid
decreasé in comaminant levels in groundwater south of the slough results froin the presence of a
regucing zone that degrades nitmammatic-f:ompenunds and'precipimtes ur:;nium-be:s.ring phases. :

The extent of groundwmr contamination has remained relatively constant over the pnst .
. lﬂycmnfmumtonng (1987 to present). During this time, however, there has been a large variation
in same contaminant leveis resulting from bulk waste removal and the influence of major floods.
* Data indicate that concentrations of nitfoaromatic compounds are decreasing in response to bulk
waste removal and are expected to.continue decreasing in the future. The data indicate that vranium -
concentrations have not been influenced by quarry remediation activities, probably because of the -
sorption of uranium on solid aquifer material. Consequently, any decrease in uranium concentrations

can be expected 10 occur very slowldy. A few metals (e.g.. aluminum, iron, maniganese, and thatium} -
are also present in groundwatet at-conceptrations that are ﬂleva:ed above background le\rels but are - -
not considered to be derived from the bulk waste.

1.3 SUMMARY OF BASELINE RISK -

_ Potential human health and environmental effects reflecting current conditions (postquarry
bulk wasie and pord water removal) and assumed future conditions at the quarry area have been
assessed 1o help focus cleanup decisions. The health effects were determined from radiological and
chemical doses that could result from contaminants if no additional cleanup actions werc taken. A
more detailed discussion is presented in the BRA report prepared for the QROU (DOE 1998a).

1.3.1 Human Health Assessment

For the human health assessment, contaminants identified in the RT were subjected to an
evaluation in accordance with EPA guidance in order to identify contaminants of potential concern
(COPCs) for each medium. A concentration/toxicity screeti was not performed; therefore, the
aumber of contaminants carried through the risk assessment was not limited. Table 1.1 presens the
final list of human health COPCs for the various components of the QROU.

Powential carcinogenic risks for both radiological and chemical exposures were assessed in
terms of the increased probability that an individual would develop cancer over a lifetine. The EPA
has indicated that for known or suspected carcinogens, the acceptable exposure levels for the general
public at sites on the NPL are generally concentrations that répresent an excess upper-bound lifetime
cancer risk to an individual of between 1 x 10°® and 1 x 10"* (EPA 1989). This range is used as a
point of reference for discussing the results of the carcinogenic risk assessment for the QROU.
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TABLE 1.1 Final List of Humuan Health Contaminants of Potential Concern for
the QROU . |

Quarry Proper __ Femme Osage S!M_ Tesks
Soitand - Quarry
Contaminant Fractures Surface Water snndimm_ Groundwaler -

Radionuclides
Radium-226 -
Rodium-228
Thorium-228
Thorium-230
Theriom-232
Lranium

4+t
|
I
i

- Metals
" Aluminum
Antitmony -
Arsenic -
Parium : .-
Berﬂlihm -
Cadmium o -
Chromiom C -
Cobalt _ -~
Copper I
Lead -
Manganese -
Mefrcury . ’ -
Molybdenum
Wickel
Seleniutn
Silver
Strontium
Thallium
Uranium
Yanadium
Finc

1
I S I T N I T O
I+ +
.+

L+ 01+ 4+ 1 ++ 4 + 1 + 1

o+ 4+ 1
P P R S O T I

+ L+ 0+

+ 1 + 1
IR R

Organic Compounds

1,3 5-trinitrobenzenc
L.3-dinjtrobenzenc
2.4 5-minitroteivens
2. 4-dinitrotclipenc
2, f-dinirotcluens
Nirobenzens
PAHs
PLCBs

L+ 4+ 4+ 1+
I+ % + + + +
1+ + + + 4+

+ 4+ + 4+
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Potential health effects other than cancer from exposure io chemical contaminants were also

assessed. The quantitative measure of noncarcinogenic health effects is the hazard index. The EPA
~ has defined a hazard index of greater than ! as the level of concern for noncarcmngem: health
effects.

1.3.1.1 Exposure Scenarios

A recreational scenario was used to project potential human exposures 10 contarninants at

the quarry area, primarily north of the slough and the slough itself. This scenario is consistent with
current land use at the quarry area; future land use is expected to remain similar to current use.
Exposure pathways evaluated for potential exposure at the quacry proper included external gamma

irradiation, incidental ingestion, dermal contact, and inhalation of residual material in the cracks and .

crevices of the quarry walls:and fivor: For exposure at Femme Osage Slough, Little Fenime Osage - <% -+

Creek, and Femme Osage Creek, the following pathways were evaluated: incidental ingestion and

dermal contact with surface water and sediment, inhalation of airthorne sediment part.mulates and
- ingestion of fish {pnmnnljr from the slnugh) '

Hazard indices and carcinagenic risks from these contaminants were estimated by using
either the maximum or the 95% upper confidence limit of the arithmetic average of the data set
coliected for each contaminant in each media, whichever was smalier.

- Under curent and expected future land use, there is no contact with contaminated
groundwater in the quarry area. For presentation purposes, calculations to project hypothetical
residential risk from grounidwater were performed to provide information regarding potential

groundwater risk. Calculations were performed for each monitoring well using current data collected

since 1995. The pathways evalvated included ingestion of and dermal contact with groundwater.

1.3.1.2 Rfsk Characterization

The results of the risk caleulations for the recreational visitor at the quarry proper and
Femme Osage Slough indicate that radielogical and chemical risks are below or within the EPA's
acceptable risk range of 1 x 106 10 I x 104, Hazard indices are also less than 1, indicating that
systemic toxicity is not a concern. The estimated radiological risk is 3 x. 10" for the recreational
visitor exposed to contaminants at the various locations (i.e., cumulative risk from exposure to
contaminants at the guarry proper and at Femme Osage Slough and the cregks); this estimate
incorporates multiple comaminants, roultiple media, and rmultiple pathwadys. The chemical

‘earcinogenic risk and hazard index for this recreational visitor are estirnated to be 4 x 10° and 0,05,

respeciively. These estimates are within the EPA’s acceptable risk range. Table 1.2 summmz:es
human health risk estimates for the quarry area.
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TABLE 1.2 Summary of Human Health Risk Estimates for the Quarry Area

Pathways © Radiclogical : Chemical

i Recreational Visitort Carcinogenic Risk _ Hazard index Carcinogenic Risk -
. Quarry proper
Soil :
External irradiation S x1e? NA* NA
Ingestion L 4% 197 - 0.0 : 1% 107
Dermal ix 07 - 60009 o 1x10®
Inhalation. 2 x 0 < 0.0001 - ix e
Fracnures® :
External iradiarion Ix10° NA NA
‘Ingestion _ 7x 107 . 0.008 &x 108
Inhalatign -~ -0 - L Ax10% . .<D0001 xR
Femme Osage Slough®
Surface warter :
Ingestion 3% 107 - 0.003 . ex107?
Dermal 7% 107 <00001 2x10®
Sediment
Ingestion ' ix10% GO o o2x 07
Dermal o 1xw® S 0001° 4% 10°
Enhalation - 1x 1w . < 0.0001 1x (0t
Fish .
Ingestion 8x10° 003 3x 10
Total d-2f Ix 10t b.ﬂﬁ 4x 10¢

MA = not applicable.
® Dermal contact with soils in the fractures is assunm:l to be unlikely.

¢ Estimates for Ferune Osage Siough are repr:s:ntauve of those for Liule Femme O-sag:
Creek and Fernme Osage Creel.

Radiological carcinogenic risks were pot summed with chemical carcinogenic risks because
of differences in methodologies. These totals represant risks and the hazard index for the
taoltiple pathways expostire scenario, which projects a recreatioaal visitor wha is exposed to
" contamirants present at the quarry ares {including at the quatry proper aod Femme Osage
Slough). .
* Ingestion of groundwater is unlikely and considered 10 be an incompletc pathway. Never-
theless, calculations were p-effomwd for potential risk 10 3 hypothetical resident from
ingestion of and dermal cortzet with groundwater {sec Section 5.2.3 of the BRA [DOE -
1998a]).

' External irradiation for quarry proper soit and fractures was not summed becanse it is not
appropriate W do so; the higher of the two risks was used to calculate the total.
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Risks estimated for 2 hypothetical resident from mgestmn of and dermal contact with

| contaninated groundwater ranged from 3. x 107 to 6 x.10°% for uraniurn and from 1 x 107 1o
1 x 107 for chemical contaminants. Risks greatet than  x 10~ were estimated for several wells

focated south of the quarry and north of the slough. Hazard indéxes greater than | were also _

estimatad for a few wells jocated in this area,

On the'hasis of the risk assessment results presented in the BRA, none of the contarminants
can be considered zs contaminants of concern (COCs). Hewever, uranium concenmrations in
* groundwater north of the slough are high compared with both background and available regulatery

benchmarks. This high concentration is significant because of jis potential to migrate and affect the
St. Charles County well field Tocated downgradient. :

1.3.2 Ecological Asséssment .

Femme Osage Slough and Litde Femme Osage Creek are the principal habitats at the
QROU, where biota can be exposed to quarry-related contzminants. A screening level assessment
employing very conservative exposure scenarios was conducted for these habitats. This assessment
identified current levels of aluminum, barium, mangarese, and uranium in the surface water of

Femume Osage Slough and Little Femme Osage Creck as posing a potential risk to aquatic biota. asing -

these habitats. Risk estimates or guotients for these contaminants were greater than 1, indicatiag the
potential for risk and a need for further ecologicat evaluations of the aquatic habitats in the slough
and creek. No or low. risks were identified for other contaminants in surface water at the QROU.
Arsenic. cadmium. lead, mangasese, mercury, nickel, and zinc are present in sediments -at
concentrations estimated to result in low risk to aguatic biota. No risks from nitroaromatic
compounds were indicated in either medium. Modeling results indicated no risks to terrestrial

wildlife receptors foraging in Feramé Osage Slough or drinking from Little Fernme Osage Creek. = . -

Because screening risk estimates for several metals indicated potential risks, as discussed
above, surveys of aguatic and terrestrial biota were conducted dt the QROU to evajuaie whether
actual impacts are being incurred, The survey results indicate that the existing aquatic and terrestrial
communities consist of species that would be expected to.occur in the area. No impacts to abundance
or species diversity of aquatic invertebrates were detected. Internal and external examinations of

small mesmunals collected from the site-failed to show any abnormalities that might indicate adverse

 effects from exposure to site contaminants; no impacts to abundance or biomass of small marmmals

- were detected. Tissue analyses of fish and small mammals indicated uranium concentrations within
the range reported in the literature for North America for which no adverse effects have been”
observed, and tissue concentrations of radionuclides in.small mammals collected from the QROU

were comparable to levels detected in specimens from reference sites.
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_ On the basis of the absence of any observabie adverse effecis to aguatic or terrestrial biota,
_the generally Jow levels of petential risk identified for aguatic biota, and no risks identified for
terrestrial biota. the current levels of contamination in surface water and sediments from Femme
Osage Stough and Lintle Ferame Osage Creek do not appear io have affected ecological rasources
at these habitats and do not pose a future risk to biota at the site. Thus, remediation of these habitats
is not indicated on the basis of potential ecological concerns.

1.4 OBJECTIVES OF THE FEASIBILITY STUDY

RS ST

Remediation of any of the components of the QRO for risk reduction is not indicated on _

the basis of the assessment of the nature and extent of contamination, the faie and transport of
contarminants, and the estimation of potential risk, However, because of the potential for uranivm

- in quarry area groundwater gorth of the slough 1o migrate to the St. Charles County well field, the - . b
primary objective of this FS is to identify the best option for reducing or removing uranium from

quarry area grounidwater. This reduction is zimed at decrsasing the amount of uranium that eould
migrate to the St. Charlés County well field. A Well Fiekd Contingency Plan (DOE 1998¢) has been
developed 1o ensure the safety of drinking water supplied to residents of 5t. Charles County from

this well field. Any remediat actions performed for this operable unit would be imtegrated with -

pertinent aspects of this comingency plan. :

The remaining components of the QROU (i.e., quarry proper, Femme Osage Slough, and

" creeks) have been determined not to requirc remediation, cither from the perspective of

contamination. presem_at these components or from consideration of cumulative risk for an

individual who is exposed to contaminants at the various components or areas constituting the

QROU. Residual contaminant levels at the quarry proper have been determined 10°be a1 concen-
trations that are within the acceptable risk range of 1.x 167 to 1 x 10™* as prescribed by the National
Oil and Hazardous Substances Pollution Contingency Plan (NCP). Likewise, at Femme Osage

Slough and the creeks, contaminant levels are low and do not pose unacceptable risks. to haman

health and ecological receptors.

Groundwater at the quarty area is not cmntljr used, and future use isuu]ilccly. The low
permeability of the altuvial aquifer where contamination exists is expected to serve as a natural

detriment to groundwater usage in the area. The low pump rates and low yields would not be

expecied to support any sustained human use of the groundwater.

Although migration of uranium to the existing county well field is possible and ¢ouid be
occurring (probably at very low rates), the impact from this migration is not indicated from MONitor-

ing data obtained from wells south of the slough, with the exception of one well (RMW-2), Ten
years of monitoring data from wells south of the slough, including the production wells in the well.

field, have yielded uranium concentrations similar to background. Data from RMW-2 have
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. consistently been stightly greater than background since its placement (average of 6 pCi/L., maximum
of 10 pCi/L, as compared 1o a background value of 2.77 that was statistically determined for the
QROL. Natral levels of uranium at nearby (off-sit€) areas have been measured 1o be similar or
higher than the background tevel established for the QROL and those of RMW-2. For example. at
Darst Bottoms. a faximum value of 14 pCi/L has been identified.

1.5 REMEDIATION GOALS FOR QUARRY GROUNDWATER =

The primary remediation goal for.the QROU is io reduce the amount of uranium currently
located in quarry arez groundwater north of the slough, therehy reducing the amount of uranium that
could potentially migrate 1o the St. Charles County well field. :

- Current co_n::ﬁwaﬁﬂnsiii mmnmmmg wells dlightly exceed the appiicabie or refevant’
and appropriate reguirement (ARAR) of (.11 pg/L for 2,4-DNT. Current data indicate that the
ARAR of 17 pg/L for nitrobenzene is not exceeded. Current data also indicate that there is only cne

exceedance of the 1.0 pg/L standard for 1,3-dinitrobenzene. A maximum concentration of 3.5 ug/L
was reported for one well. This data point could be an ancrnaly because in this same sample, other
parameters that were analyzed ware also higher than typicaliy reported for this well.

No federal or state maximum coataminant level (MCL} or maximurn contaminant level goal
(MCLG) exists for uranium in drinking water. In 1991, the EPA published a proposed rule setting
an MCL for uranium at 20 pg/L (EPA 1991). The proposed MCL corresponds to i4 pCiL for the
- activity concentration ratio of uranivm isotopes found in the groundwater at the quarry area
However, this proposed rule has never been finalized and, therefere, cannot be an applicable or
relevant and appropriate requirement (ARAR). The proposed rle may be a "to-be-considered”
{TBC} requirement that can be used to assist in the formulation of goals for groundwater in the
quarry area. It should be noted that MCLs and MCLGs apply to the concentrations at the point at
which the water is consumed (that is, at the tap); they are not applicable to contaminated
groundwater in envirenmental settings, such as at the guarry area, :

In 1995, the EPA promulgated a final rule for groundwater standards for reredial actions
at inactive uraniom processing sites (Title 40, Part 192, of the Code of Federal Regukumm {40 CFR
Part 192]). Although the rule is applicable only at 24 specified inactive uranium processing sives, it
may be considered relevant and appropriate to the actions being evaluated in the FS. The NCP-sets
out & process to determine if a standard is relevant and appropriate to a particular remediation
- activity or site, The 30 pCi/L standard is relevant in that it applies to the same contaminant (wranium)
in the same medium {groundwater). However, this standard was developed for environmental
conditions that are not pertinent to the quarry area. As such, it is questionable if this standard js.
appropriate as applied to contaminated groundwatet in the quarty area.
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The 30 pCUL sandard for contaminated groundwater at the 24 designated inact._ivc.manium

 processing sites being addressed under 40 CFR Part 192 was promulgated on the basis of the

proposed drinking water standard for uranium (discussed above) for sites generally locatéd inarid
regions of the western United States where water Is a scarce resource. The cost of remediating .
contaminated groundwater at these sites 1o drinking water standards was deemed to be justified by
the EPA due 1o the genera! lack of readily available alterative sources of potable water. This is not
the case for the quarry area, given the proximity of the Misseuri River. As such, this standard may
not be well suited to conditions at the guarry area. - ‘

Even though the appropriateness of the 30 pCVL. standard for quarry area groundwater is
questionable, it does provide a metric for evaluating remedial action aitematives in the FS. This
standard was promulgated by the EPA for contaminated groundwaler at inactive uranivm mill
tailings sites 10 provide an adequate margin of safety against both carcinogenic and sysiemic toxicity

" effects of uranium in groundiwater, It 45 equivalent 0 2 risk level of approximately 1 in 100,000,

should this water be consumed at a rate of 2 L/day for 350 days per year over a period of 30 years. -
The average high concentration of uranium north of the slough is estimated to be approximately.
2,800 pCi/L. Modeling of uranium transport in groundwater from the area north of the slough to the
nearest production well indicates that the uranium concentration would be reduced to approximately
21 pCi/L, which is less than the metrie of 30 pCy/L (DOE 1998). Hence, this standard would be met '

with no remedial action on the contaminated groundwater in the quarry area at the welt field.

As noted previously, the remediation goal for the QROU is to reduce the amount of uranium
that could potentially migrate o the St. Charles County weil field. This remediation geal will be
achieved by removing 2s much uranium frorn this groundwater as is reasonably possible by use of

- stanclard engineering approaches. No remediation is warrasied on the basis of current or hypothetical

future risks from exposure to nitroaromatic compounds in quarry groundwater. This is supported by
the fact that concentrations of nitroaromatic compounds have decreased significantly since bulk
waste removal and only a few concentrations slightly exceed Missouri watet quality standards.
Further, these concentrations are expected to continue to decrease over time. A detailed discussion
of ARARs is presented in Appendix A.

1.6 ORGANIZATION OF THE REPORT

© The process discussed in this FS is expected to provide the information necessary to support
a decision for the quarry area groundwater. The report is organized as follows:

*  Chapter 2 identifies and evaluates potential response technologies applicable
to groundwater remediation; . : '

« Chapter 3 develops and screens preliminary alternatives;
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Chapter 4 describes and evaluates the final alternatives in detail;
Chapter 5 presents a comparative analysis of the final alternatives:

Chapter 6 lists all refercnees cited in this report;

Appendix A lists and d:scusm the regulatory requirements putenually apph-

cable or relevant ahd appmpnate 0 the remed:al getion;

Ap;endlx B dlscusscs the required operational penud of the mtemepmrtmmh
concept,

Appcndqu:scu!s:sththadthmhwssaﬂdWmldumumofthem-mm y

* permeable barrier for Almauve 5;

Appendix D describes the analytical methodologics used to address environ-
mental impacts for Altemative 2;

Appendix E describes the methodplogy and assumptions used to determine the
costs of the various altematives considered:in this FS; and

Appeﬁdix F presents data regarding distr_iﬁution coefficients collected from:

~ the quarry area.
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2 IDENTIFICATION AND SCREENING OF TECHNOLOGIES

3.1 SCREENING CRITERIA

I'he criteria for idemifying potentiaily applicable technelogies are provided in EPA.
guidance (EPA 1988a) and in the NCP (EPA 1990a). The primary requirements for a final remedy
are that it be both protective of human health and the environment and cost effective. Hence,
technology screening focuses on these fwo factors. Additional selection criteria include the
following: :

« Preferred remedies are those in which the principal element is treatment 10
o permanently or sigaificantly reduce the toxicity. mobility, or volume of -
hazardous substances, poljutants, or contaminants; ' '

»  Where practical wreatment technologies are available, off-site transport and
disposal without treatment is the least preferved alternative; and

+  Permanent solutions and alternative treatment technologies or recycle/resource
recovery technologies should be assessed and used to the maximum extent
practicable. oo :

. These criteria were considered in identifying and screening technologies to determine the
appropriate components of remedial action altematives for the contaminated groundwater from the -
QROU at the Weldon Spring site. Protection of human bealth and the environment was the primary
consideration for determining how the contaminated groundwater should be mafaged.

The COC for consideration in this FS js uranium (ses Chapter 1). However, low levels of
nitroaromatic compounds, the other primary contamisants found in the quarry bulk waste, have been
detected in the groundwater. Even though the concentrations of these compounds have decrepsed in
response to bulk waste removal from the quarry and are expected to continue decreasing, the
technologies considered for removal of uranium from extracted’ groundwater must necessarily
inctude technologies that address these nitroaromatic compounds. : :

On the hasis of current knowledge of the nature and extent of groundwater contamination .
at the quarry ares, general response actions that could be implemented 1o help reduce exposure 1o
the contaminants of to reduce or rermove elevated concéntrations of uranium and nitroarematic
compounds are (1) institutional controls and monitoring; (2) natural processes: (3) in-site
containment; (4) in-situ treatment; or (5) removal, storage, ex-sity treatrnent, and disposal,
Technology types and process options that could be used to implement each general rsponse action .
(3 through 5) are presented schematically in Figure 2.1. Specific application of these technology -
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types and procéss options to conditions at the qua.rry'érca was evaluated to determine which would
be most appropriate for groundwater remediation. These technologies were screered on the basis of
effectiveness, implementability. and cost. defined as follows:

« Effectiveniess — in terms of protecting human health and the environment in
both the short term and the long term; minimizing toxicity, mobility, or
volume: cornplying with ARARs; and achieving protection in a reasonable
time frame. o : -

« Implementability — in terms of technicat feasibility, resource availability. and
administrative feasibility; and

"+ - Cost —in terms'of oomparing costs {i.e., low, moderate, or high) for both the
short term {capital) and long term (operation and maintenance [O&M]).

22 TECHNOLOGY IDENTIFICATION AND SCREENING

2.2.1 Tnstitutional Controls and Monitoring

Institutional controls are measures that preclade or minimize public expasure by limiting
access 1o or use of contaminated’ groundwater. Institutional controls include measures 10 restrict '
access such as security guards and vse or deed restrictions. These measures do not reduce
contamninant toxicity, mobility, or velume, but they can reduce the potential for human exposure to
the contaminated groundwater. Institutional control measures that apply solely to groundwater, such
as groundwater restrictions, may be used to prohibit or limit the drilling of wells forthe purpose of
groundwater consumption. Monitoring is a measure that provides supporling inforrnation regarding
contaminant concentrations and the need for maintaining or implementing institutiona! controls

. while remedial response actions are being carried out.

The screening analysis for institutional controls and monitoring is summarized in Table 2.1,
On the basis of effectiveness, implementability, and cost, afl of these measures have been retained '
for further consideration.

2.2.2 Naturs! Processes
Narurally occurring processes can contribute to cleaning up groundwater and soil contami-

nated with various toxic and hazardous materials. With time, these processes gradually reduce the
hazards of contamination. Two types of natural processes can be considered; physical/chemical
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‘TABLE .1-Summary of Screminc Annlvsis for Ensﬂtumml Controls and Monitoring

institutional

Control Measure ' Effectiveness Lmplementability ' Cost .
Groundwater access  The area where grovndwaier conamination  Access restriction measurcs would Low
restrictions is highest could be restricted by imposing be casy to implemaont and o

. bmﬁ::;.suﬁhumﬂmwhichmld. - resources would be readily -

comirol EXposures to contaminated . svailable. '
groundwaler.
Owrership and land  DOE has accounability for as long as Ownership and use or deed restic-  Low
use sonditions contamination is present. This measure vions would be easy to implement.
would pertmit the control of public - and resources would be readily
. exposure to OD-site contamination by - .availabte, :

restricting access and use. The state owns
the surrounding wildlife areas, and recrea-
tional use would mot include groundwaser

- Monitoring An extensive groundwiter monitoring Monitoring would be casy 10 . Low
' program is in place #t the site. This measure implement; the existing monitoning
could suppart the mitigation of potentinl nerwork could be vsed to provide
exposures by providing data on the exteri fong-term protection. '
of contaminaton and the effectiveness of - _
primary control measures such as contain-
meni or removal,

processes whereby the contaminant concentration would be reduced through chemical or physical
means and biological processes whereby the contaminant wovld be broken down or absorbed by
tnicrobes or plants. ' : ' ' :

_ “The first classification includes a number of processes such as oxidavion-reduction

reactions, absorption, adsorption, and dilution of the contaminant concentrations. Biological :
piocesses, the second classification, includes two broad categories, accumulation and degradstion g
by microbes and accummiation and degradation by plants.

The migration of uranium, the principal contaminant in the groundwater ot the quarry arca, i
mwardtlmhﬁssauriﬂiv;r-isprimﬂlydepmdmtuponﬂmﬂwmnfgmundwamrinmea'qaﬁﬂcr- .
and the types-of materials present in the aquifer, Except for a monitoring well in the Planin j
Limnestone (MW-1031), concentrations of uranium have remained below maxiraum detected levels _
‘since the original source of uraniars (bulk waste) was removed from the quarry (DOE 1998b). At ' ]
least one of the natural processes mentioned above is respopsible for the slow reduction with time
of the uranium concentration in other locations within the aquifer.
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Waier movement in the groundwater system between the quarry and the slough occurs
primarily through fractured limestone and low-porosity alluvium in a southerly direction roward the
Missouri River. The fate of uraniurn transport is very slow through this region. Wells in this area

generaily produce less than 1 L/min (1 gpm) maximum due to the low permeability of the aguifer.
Concentratiors of uranium in the groundwater are expected to continue to slowly diminish over time
through dilution because the contaminant source at the quarry has been removed. The primary
groundwater recharge source is infiltration from rainwater and runoff, which provides a clean source
of water to dilute the contaminant concentrasions in the aquifer, L

Monitoring data obtained to date ¢ould be interpreted as indicating that the farthest extent
from the quarry of the migrating Uranium contamination in the groundwater is the approximate
location of the slough. This 'po_tential_-._min;i_d:nce could be because this region contains large :
' mounits of decaying organic matter. Groundwater with decaying organic matter maintains a reducing - -
condition for many metals. including uranium. Oxidation-reduction (redox) reactions of uranium
may become important near the siough. Upon reaching the reducing conditions near the slough,
soluble uraniumn {uranivm VI) in the groundwater would be reduced 1o the +4 state (uranium IV),
* Uranium in the +4 state forms nranium dioxide (UO,), which is highly insoluble and would
precipitate out of sclution. Thus. these redox conditions could be responsible for the behavior of
uraniurn jons near the slough. : '

" Another interpretation of the monitoring data suggests thal uranium contamination has.
already migrated south of the stough, and that the reduced uranium conceniration south of the slough
i< due to dilution, The coarse-grained composition of the altuvium in the aquifer south of the slough
has a much higher permeability than is found in the fine-grained alluvium in the aquifef porth of the
slough. This disparity in permeability permits larger volumes of uncontaminafed groundwater .
originating from local runoff and the Missouri River to.mix with smaller volumes of groundwates
originating in the fine-grained alluvium of the aguifer north of the slough.

The sorption process could also play a role in determining what happens (o uranium REar
the slough. Sorption of the contaminant refers to the tendency of these molecules to be bound to the
. surface (adsorption) of and to internal sites (absorption) in the bulk solid phase of the aquifer.
Sorption is expected to occur primarily in the upper portion of the alluvial aquifer because of the
higher proportion of clay, humic material, and iron-manganese hydraxides. ' -

Two parameters are important in describing this interaction between the contaminani and
the solid phase (soil). The total sorption capacity is propostional to the total number of available
sorptien sites. When all of the sorption sites are occupied, the sorption capacity is exhausted and
contaminant concentrations are no longer attenuaied as the groundwater passes throngh the solid
phase. A second parameter of importance is the strength of the binding between the contaminant and
the sites in or on the solid phase. This strength is felated to the value of the distribution coefficient
(Kg). K4 values are specific to a_given contaminant in relation to a particular type of soil.
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‘Understanding the movement of a given contaminant through an aquifer dnpeuds in pm't ont knamng
the K, values for 2ach soil type and the g'ound\t ater flow conditions. -

- Any of these three mechanisms — didution, redox reduction, or somuon -— OF s0ome-
cornbination of them may be responsible for the low uranium groundwater concentrations south of
the stough. The relative importance of these mechanisms is sl.gmﬁcant because they affect the
behavior of aranjum differently with time and changing conditions. If there is little ursoiurn in the
solid-phase material, the uranium concentrations in groundwater will diminish over time as dilution
occurs. On the other hand, if larger quantities of uranium are present in- the soil ihaterial,
groundwater concentrations may stay ¢levated in the same area for a much longer time becanse of -
the potential for continued release of uranium (i.e.. d!SS»G]utlﬂﬂ or desorption) fromn these aquifer
malcnals

Biclogical processes could also be occurTing in the quan'jr area. Accumulation or precipi-
tation of uranium by microbes (Barton £t al. 1996) and accumulation by vegetation (Cooney 1996}
are possible. The area around the slough provides an excelieat seing for such microbial action and .
vegetatwe growth. ' '

The scresning analysis for natural processes is summarized in Table 2.2. On the basis of
this evaluation, nawral processes have been retained as pﬂtenually applicable to attenuaung
contaminani concentrations in g':oundwater '

2.2.3 In-Situ Containment

In-situ (in-place) containment consists of technologies that confine contaminated ground-
water at its current tocation. In-situ containment technologies include the erection of bamier walls,
hydrautic containment, or the immobilization of a contarninant species at its current location. These ’
technologies reduce contaminant mobility and the associated potential for exposure, but, except for
one vasiation of hydraulic containment, they do not reduce contaminant toxicity or volume. '

2,2.3.1 Barrier Walls

A physical barrier placed immedintely to the north or south of the slough could halt
migration of the contaminated groundwater toward the St, Charles County well field. Construction
of such a barrier would entail digging to a depth of approximately 10 m (30 ft) over a distance of
approximately 610 m (2,000 fi). Trenching equipment currently available can routinely achieve such
depths. The barrier itself could be composed of heavy plastic sheeting, sheet piling, or a slurry wall.
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TABLE 2.2 Summary of Screening Analvsis for Natoral Processes, inSitu Cpntnin'l_ntut,
and In-Situ Treatment Measiures

In-Situ Measure " Effectivencss - Implemencabilicy " Com
Naturzl processes  Groundwater concentrations of urwnium a0d BiO- © ‘qulpmnﬁm ars already Low
aromatic compounds are expected 10-showly Jiminish oecurring-and are expected (o :
aves time due 10 dilution becanse the coREaMIn - cpenue. ;

soures a1 the quarty (i.e:, bulk wiste) has been

rersioved. The primary grondwater recharge soures is
infiltration from rainwawes and runoff, which provites

a clean source of water to dilute the contamizant
concentrarions in the aguifer. [ might be difficult to
show its affactivemsss in the near wm-

Physical barrier A physical barsier — such 25 3 shuety wall or plagpic Cowld be imphemernted by conven- . Lowew

R ) sheeiing — can tifeqtively reduie Taern! migration tional medyods aztd equipment. o moderate
The barritz would act to-cosfine comaniinanion wrthe ~ SR - : .
currently aifected arsas but would v lower the

COMtAminAnL CoNCetrions. _
Hydraplic " The pumping of groundwater from or the injection of  Could nix be impiemented becsuscof  Lowto
comatnment wmminmarnnquifﬂcanbtusdmmolﬂuﬂuwﬁf the aquifec’s sloping bave and the iow toderabe

contaminited growrdwaner. and comrasting permeabilities found
. : within the. aguifer.

Tmnmahbilizaion Immobilization of uranium theoygh sither precipision | Could oot be implemenied because of Lowto

- of adsorption/absorption: would effectively Temove . the low pettnenbilisy of the aquifer enoderate
I uranium from the groundwater. _ and uncertEines in the chemical :
: mkeup of the aquifer. '
Bigrerediation \Microorganisnts sould be used o generate 4 reducing  Could nct be mipiemented because the  Moderme
' anvirotment that would sesult in precipitation Tow perineabibity of the aquifer :
{immohilization) of the urasivin. preciudes imjectios of the micro-
) organisms and their feed, Also, these
materiais caneot be delivered
I oniforily because of the
Thererogeanacus narire of the nguifer.
Electrokinstics Underground electrades cavse preferentinl migration Coul! be implermented by conven- - Moderate
' of ehernical specics in the aquifér o wealment 20065 Al 1iona] methods and equipmenL ta high
ar eround electrodes, The effeciiveness of semediation o
. for wanium is oot well establistied.
' 1Tranium mining [n-siws uraniem siining requires the inpaction of Could mor be: implemented because of  Moderats
: lixiviams into the aquifer 1o release e uratiurs from the Jow perraenbitity of the aquifer.
3 bound sites. If not property controlled, rebease of the ponuniforns delivery of the materisls,
i aratium could fesult in highes groundwater concen- and unceriainties is the chemical
! tratbons migraling from the contaminated eren. koo of tbe aquifer,
1 ' Reactiive wall Apmn::blehmitrisphudmﬂ:mﬂlﬁmmd Could be implamented by cooven- Moderae
f groundwater flow path. The barrier cootains species  Honal methads and eguiproent. t high

that either react with the contaninant ko femove it
from solurion or cataiyze its breakkown. A ramber of
! materials have been identified thar are capable of
removing uraniom from groundwarer.
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TABLE 2.2 {Coht.}

In-5itu Measure . Effectiveness . Irmplementability Camsl
Phwicremediation Veg:mmn is u:ed to prefevenially absor contamiinant  Couhd not be implemented to 2 depth | Law
B raaterials from ths soél and richer Break down e~ of appromimately 10 m 30 fidinthe

COMAMITANG OF retait it o chair bimass, lnidal studizs  short term,
hawshownthmﬂumhd&:uwm&m
but only in near-purface Liyers,

~ Although the barrier would stop contaminant migration, the barrier itself would have 1o be
maintained indefinitely because it is not a technology that reduces the amount of contamination
present. A botiom seal on the contaminated upper aquifer is not necessary becanse &mre is lm!e
vertical h}drauhc connection bczween it and the underlying Plattin Limestone.

2.23.2 Hydrsalic Containment

Hydraulic containment of a contaminant in an aquifer can be achieved through the tse of
pumping wells, injection weils, ora combination of the two (EPA 1996b). Hydraulic contaimment.
is also the primary objective of pump-and-treat systems. Fuarther discussion of groundwater removal
for application in pump-and-treat systems can be found i in Section 2.2.5. '

' The hydraulic contsoi exerted by a vertical pumping well relies on the creation of a capture
zone where water is drawn toward the well. A line of wells with overlapping capture zones can be
situated downgradient of the contamination to form a barrier to further migration. A different type
of barrier to migration, a pressure fidge, can also be formed by injecting uncontaminated water
l:hmugh aseries of injection wells. The resulting inciease in hydraulic pressure prevents groundwater
from flowing along its original path. Pressure ridges are often used in conjunction with pump-and-
treat systems; the treated water extracted from within the contaminated area is used for mg::uon
(EPA 1996b). :

. Problets with both types of hydrautic barriers are encountered in beterogeneous media such
as the aquifer materials in the region between the quarry and the slough. The contrasts in
permeability found in the aguifer materials preclude the-establishment of a uniform capture zone or
a uniform pressure ridge. thereby inwroducing the potential for contamination to pass between two
neighboring wells and resulting in loss of containment. Creating a proper capture zone in this area
may also be prubl:manc because of the low pcmmblhty and the slopmg aquifer base {Cohaa etal.
1994),
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-2.2.3.3 Immobilization

Immebilization of the urznium or nilroaromatic CHIPOURs in-situ rekies on either chemical
reaction (precipitation of the dissolved uranium out of solution or degradation of the nitroaromatic

- compounds) or binding of the contaminants through adsorption or absorption by an immobile solid-

phase material within the groundwater aquifer. Either immobilization process, chemical reaction
or binding, requires the injection of materials into the aquifer. The low permeability of the aguifer
makes pumping materials into it impractical. Also, if an injection technology were attempted, the

" injected materials could not be effectively distribuved becanse of the contrasting permeabilities found

within the aquifer. This is the same problem encountered when considering hydraulic containment
(Section 2.2.3.2), Second, even if the injecied materials could be effectively and evenly distributed,
this coutd actually cause the release of contaminants such as uranium. The slow migration of the -

" urdnium over timé miy be in part due to immeobilization of the contaminant by aquifer material,
 which might préferentially release the uranium for injected material, The use of injection technology

is, therefore, highly questionable because of the inability to uniformly inject materials invo the
aquifer, and because the chemistry of the grovndwater aquifer is not well understood.

2.2.3.4 Summary

The screening analysis for in-situ containment is summarized in Table 2.2. The technology
of a physical barTier has been retained as potentially applicable to 2 groundwater rernedial action. On
the basis of implementability, hydraulic containment and in-situ immobilization were rejected from
further considerstion for groundwater remediation at the Weldon Spring site primarily because of
the Jow and conirasting permeabilities of the aquifer material.

2.2.4 In-Situ Treatment

In-situ treatment consists of technologies that treat the groundwater in place and genetally .
temove or bregk down the contaminants in some form. The main advantage of in-sit weatment is
that such technologies aliow groundwater 1o be treated without being brought to the suiface, which
could result in large cost savings. The maia disadvantage of these technologies is usually a longer
treatment period and difficulty in verifying how well the process is working, especially in aquifers
with 2 nonuniform environment. The technologies considered for this analysis included bioremedi-
ation, electrokinetics, reactive walls, in-situ uranium mining, and phytoremediation. '
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. 2.2.4.1 Bioremediation

Bioremediation involves the use of fnicroorganisins to produce a reducing environment that
. would result in precipitation of the dissolved urapium as UO,. Bioremediation of groundwater at the
quarry area could not be readily implemented because of the difficulty of injecting materials (the
microorganisms and their feed) into the aguifer (see Section 2.2.3).

2.2.4.2 Electrokinetics

Technologies invoiving electrokinetics rely on the transpert phenomena associated with the '
appiication of a direct current between implanted electrodes in porous media. These phenomena

" include electrophoresis (movement of 4 charged particle or coliold in an électric field), electro- - S

migration {movement of soluts ions in an electric field), and electroosmosis (movement of water in

response to an electric field). Once the contaminants reach an slectrode, they can be exiracted to a

recovery system (ex-situ treatment), treated (complexed with jon-exchange resins), or deposited

(precipitated, adsorbed, or electroplated) at the electrode. A few Iabotatory studies have been

conducted 1o assess the feasibility of using elestrokinetics to remediate Rranium contaminasion

(Bibler et al. 1992, Acar et al. 1993, Turney et al. 1994, EPA 1995, Booher et al. 1997), but no
completed pilot or field studies have yet been reported in the United States, Bench-scale testing
‘would Iikely be required before electrokimetics would be spplied 10 a site in order te optimize the
removal process, due to the technology’s dependence on several compositional {chemical makeup)
and environmental (e.g., water content, soil homogeneity) vanables. ' o

: Electrokinetics might not be readily implementabie because of the Jow contaminant coticen-

 trations spread over a distance of approximateiy 600 m {2,000 ft). Electrokinetics might be feasible
and implementable if iocalized areas of higher contaminant concentrations were to be treated, or if
an electrokinetic “wall” was erected across the path of groundwater migration, similar in conoept to
the reactive wall discpssed in Section 2:2.4.3. Howevet, electrokinetic remediation of uranium-
contaminated sites is. not vet a proven techunology, and because of the contaminated aguifer’s
heterogeneity and low permeability, it would be difficult to follow its progress if attempted.

2.2.4.3 Reactive Walls

| A technological alemative to erecting & physical barrier to halt the migration of cortami-
nated groundwater would be the use of a resctive chemical wall in its place. Barrier walls would be
erected to funnel the flowing groundwater into treatment zones where the contaminants would be-
extracted. Another variation of the reactive wall concept would be censtruction of 2 wall composed
of material with an affinity for the contaminani, either one of reaction or absorption. As the
groundwater passed through this more passive chemical wall (permeable treatiment wall) during
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natural migration tirough the a.quifé:'r_. the contaminant would be preferentially removed from the

 groundwater.

Enplementation of a reactive wall t@chnology 10 remove uranium might be feasible because

* a number of materials are-capable of removing ursnium from groundwater (Vidic and: Pohland

1996). Such an effort would require further characterization of the chemical systems operating in the
aquiter, and Jike the physicat barrier discussed in Section 2.2.3, the reactive wall would have.t0 be
maintained indefinitely because of the low flow rate of the groundwater in the aguifer. '

The use of a reactive wall with treatment zones where contaminant extraction would occur
is not warranted, because these zones would have to be maintgined indefinitely to treat small
amounts of groundwater with low levels of contamination until contaminant conceatrations in the

‘grodndwater decreased below some specific value. A conservative estimate of the total rate of -
- groundwater flow through the-entire cross-section of the aquifer where the wall would be located is

about 200 L/min (50 gpm) maximum (see Appendix B), The alternative, a passive chemical wall,
could be constructed, left to filter the groundwater, and monitored periodically. If the wali miterial

 were 1o reach sataration levels with the contaminant, the existing barrier could be excavaied,

disposed of a1 a permitted facility. and replaced with fresh matenal.

2.2.4.4 In-Situ l_Jﬁmium Mining

* In-situ uranium mining would involve the injection of lixiviants into the aguifer to release
aranium bound to material in the aquifer. Application of this technology to the contaminated area
is highly questionable. The low permeability of the aquifer could cause problems such as fouling of
the injection wells, and the heterogeneous narure of the aquifer would preclude uniform delivery of
the lixiviants. The chemistry of the aquifer material is also not well understood; therefore, selection
of the proper lixiviant could be probiematic. A long intereeptor treiich would be required 1o ensure

that the majority of the injected and released material i recovered (see Section 2.2.3.2 on hydraulic
. containment).’ '

2.2.4.5 Phytoremediation

Phytoremediation is a recently recognized technology that uses vegetation (plants) 10 extract
contaminants from soi! and groundwater in-situ. The process can be applied to metals contamination -
through extraction or stabilization. Organic componnds are remediated through degradation or
extraction. Application of phytoremediation is dependent upon the depth of the contamination and
the selection of piant species appropriate to the contamination, cleanup standard, and climate.




2-12 | March 17. 998

One aspect of phytoremediation is explmtauun of the enhanced nucmbm! populations that
coexist with a plant’s oot system (the rhizosphere). Within the rhizosphere. ptants contribute the
carbonaceous substrate arnd oxygen transfer for in-situ biodegradation. Rhizodeposition is partially
the result of the decay of dead roots and 100t hairs. Also important to the process are roet exudations,
such as leakage from epidermic cells, secretions resulting from metabolic activity, mucilage from
foot tips. and lysates from sloughed cells. This resultant carbonaceous material stimulates overall
bacterial activity and provides substrate for cometabolic: degradation of xencbiotic hydrocarbons.

The dominant active mechanism for phytoremediation of metals such as uranium is
phytoextraction into the tissue of the plant, The mechanism for metal eccumulation includes
chelation, precipitation, comparsmentalization, and translocation. To successfully apply this
- technology 1o a site contaminated with metals, the pH, organic complexes, and interfering elements

must be assessed. and the plant species used miust have the appropriate inetal selemwty In some - -

instances, it may be necessary to apply soil amendments o enhance the process.

Application of phytoremediation to removing uranium is promising. However, a depth -
litnitation of approximately 3 m (10 fty (Miller 1996b) precludes its use for remediation of the
groundwater south of the quarry. where contamination has been:detected at depths of approximately
10 m {30 ft). Other issues also need resclution, such as the relatively long times necessary to reach
remediation goals, subsequent handling and disposition of accumulated biomass, the securing of
plants from other bioaccurnulators {wild fauna), and the introduction of nonnative piants for.
phytoremediation (Negri and Hinchman 1996).

2.2.4.6 Summary

The screening analysis for in-situ treatment is summarized in Table 2.2. On the basis of
implementability, bioremediation was not retained for further consideration for groundwater
remediation at the quarTy area because of the inability to inject materials into the aquifer and the lack
~ of uniform delivery of the materials. Electrokinetics was rejected on the grounds of implementability
(too large an area requiring remediation) and effectiveness (lack of data on uranium recovery). The
technology of a passive chemical wall has been retained as potentially applicable to addressing
groundwater coniamination, In-sity uraniurn mining was rejected on the basis of implementability
* {inability to inject materials into the aguifer and nonuniform delivery) and effectiveness (the
chemical bajances in the aquifer are not well understood). Phytoremediation was rejected as a
remediation technology on the basis of implementability {the technology is limited to an effective
depeh of about 3 m (10 ft]). ' '
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~ 2.2.5 Removal of Groundwater from the Aquifer

if an ex-situ groundwater remediation straiegy is used, the contaminated groundwater must
first be extracted from the aquifer. The groundwater removal sechnologies investigated for the quarry

' area include vertical wells, horizontal wells, interceptor drains, and excavation. -'

22.5.1 Vertical Wells '

The vse of vertical wells is most common in pump-and-treat technologies for groundwater
remediation. However, the low permeability of the aquifer in the area of the groundwater
contamination (se¢ Section 2.2.2) precludes the use of such wells for the QROU. Well yields are

'gcﬁérn]ly less than 4 LYmin (1 gpm} fora well- $cm (2 in.} in diameter, A significant increase in oo

puinping capacity, as much as a factor of 100, can be gbtained in some cases where the low-
permeability aquifer material would be subjected 1o fracturing (Miller 1996a). Such a technology
uses hydro-, pneumatic-, or blas-fracturing methods spplied to bedrock material- Successful

' application of this method at the quasTy area wonld not be expecied because the aquifer material in

the contaminated area is primasily allwvium, a material that would deform rather than. fracture when
subjected to the physical forces applied. Application of fracturing in the bedrock portion of the
aquifer. {the Decorah Group) would risk the formation of vertical cracks and fissures into the
underlying Piattin Limestone layer, which is not heavily contaninated. These cracks and fissurés
could allow the movernent of more contamination into the Plantin Limestone.

2.2.5,2 Horizontal Wells .

The use of horizontal wells is a more advanced technology than the use of vertical wells,
Horizontal wells could be drilled through the aguifer in an effort to increase the area available for
pumping the groundwater, Two methods commonly used 1o position the wells are dizectional drilling
and trenching. Excavating s trench and partially backfilling it with porous material over a horizontal
well pipe can increase the pumping capacity of a well and is similar in concept to fracturing the
aquifer around the well imake. Trenching equipment is available that could be nsed to place
horizontal wells ai the required depths (<10 m [30 ft]) at the quarry area (see Section 2.2.3).

2.2,5.3 Interceptor Drains

A technclogy employing an interceptor trench.drain might be more feasible than horizontal
wells because well pump rates would likely be low. A single wench, approximately 10 m (30 ft) deep
and 610 m (2,000 ft) long, could be placed perpéndicuiar to the groundwater flow to intercept the
contaminated groundwater. The trench could be backfilled with porous material so that the entire
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' side of the tench would act as a sink for the gmunﬂwal:r, which would be pumped to a treatment

Facility. Even with such an arrangement. the limited groundwater flow in the ared would be expected
to produce & maximuem of abeut 200 L/min. (50 gpm) under the best conditions {see Appendix B).
The advantages of a trench, when properly positionied, are its SmIleltjf and effectiveness — in this
case, enstring that any contaminated water would be intercepted.

2254 Excavation

Becaiise of the low pmneablhty of the aquifer, the aquifér' material could be excavated for |

treatment and disposal. Conventional earthmoving equipment {e.g.. butldozers, backhoes, and front-
end loaders) could be used in conjunction with hydraulic dredges and pumps. The unconiaminated

overlying soil could be stripped off and repliced aftar femoval of the underlying contaminated. . -
aquifer material. The cost of exca\raung the entire area down to- bedrock in many places is sot

wammted

2.2.5.5 Summary

" The screering analys:s for removal of groundwater is sununmzed in Table 2.3. The

technology of an intercepior drain has been retzined as potenually applicable to a groundwater .-

remedial action at the quarry area, On the basis of implementability, vertical and horizontal wells
were rejected from further consideration because of the inability to pump water from the aquifer at

an efficient rate. Excavation was rejected from further consideration on the basas of the very htgh _

cost, considering the low crmtanunant concentrations in the aqu:fer material.

2.2.6 Ex-Situ Trﬂtmenl

Ex-situ treatment consists of technologies that treat the groundwater and any contaminated

_soil or sludge after their removal from the aquifer (groundwater removal is discussed in

Section 2.2.5). The many methods available for treating coritansinated groundwater rely- m the
physical, chemical, or biological pmpemes of the contaminants.
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TABLE 2.3 Summary of Sereening Analysis for Groundwater Removal
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Removal Measure Effactivensss Implementability - st
" Wertical wells Standard method for removing . Wery difficult to implement. The Loww’
groundwater from an onderground " low permashifity of The aquifer moderais
aquifer. : . woald preciude reasonsble pamp
Horizontal wells Larger surface area for collecting Very difficult (¢ implement. The . Moderae
Zroundwatet than a conventignal low permeahility of the aduifer S
vertical well for incronsing pume would preclude reasonabie pump.
TIES TS, '
Imtercepior drain A trench coubd be placed just pomh | Could be implemented with Low o
. of Femme Csage Slough, perpen- convential methods and | moderaie
.- dicular tb the groindwater fiow, to ', equipment. - :
inteicept all contaminatsd grousd- '
warer leaving the area, The grouad-
waier thar collected in the wench
could than be pumped out for
treatment. '
Excavationfdredging  Could effectively semove contami- Couhd_be implemented with High
and pumping nared materiad in the aguifer. The convontional squipment and )
remaiting contamiration in the procedutes.

aguifer marertal woukd be below
appropriale oncentrtion levels.

© 2.2.6.1 Physical Treatment

Settling or Centrifuge. Settling {sedimntaﬁcn) tanks for removal of suspended solids
constitute one of the first stages of many water treatment plants. Settiing tanks allow these not-
dissotved solids ¢approximately 10 pm in diameter or larger) 0 settle to the Dottom of the tarik under
the influence of gravity. After an appropriate time period, the clarified water may then be drawn off

~ and sent on to the next phase of ireatment. Centrifuges may also be used to remove suspended
patticles from sotution. In addition, settling tanks may be used in conjunction with chemical
 precipitation treatments. o : '

Filtratlon. Filtration is another process found in many water treatment plants. Like senling,
filtration is used for removing suspended solids. Filters may consist of 2 single thin membrane
(typically 2 polycarbonate) or a granular medium (typicaily sand in a filter bed). The driving force
is either gravity or a pressure differential such as applied pressure or an induced vacuum. Filtration
is relatively simple 1o operate and maintain, and like setling, filtzation is an old and proven
technotogy. Filtration is often used in conjunction with chemical precipitation processes.
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Evaporation. Evaporation is used primarily for r:ducmg the volume of contaminated water
or sludge wastes and for concentraking nonwvolatile contzminants. Any volatile contaminants must
be removed prior to this treatment process. Evaporation of water leaves behind ail nondissolved and
dissoived solids. The reated waste must then be mechanically removed for further treatment or
disposal. Evaporation ponds are often used as retention areas for treated wastewater in betwar.n :
- treatment steps. Evaporation is a well-established treztment process. : '

Reverse Osmosis. Reverse osmosis is comonly used to remove dissolved species from
solution. Osmosis is the tendency of a solvent such as water o pass through a semipermeable
membrane from the side with a lower solute (dissolved specics) concentration to the side with a
higher solute concentration in an aftempt to equalize concemrations on both sides of the membrane.

‘The membrane is semipermesble in i it permiits migration of water but not the dissolved species. -

. This process may be reversed, bence the term reverse osmosis, by applying pressure to the side with -
a high solute concentration. The dissclved species thus becomme more concentrared, thereby reducing
the volume of contaminated water. Reverse osmosis is very effective at removing almost all
dissolved species. This process has an :fficwnc}r of approximately 98 10 99% for :emnval of
dissolved uranium (EPA 1993a). '

2.2,6.2 Chemicat/Physical Treatments

Coagulation/Floceulation. Coagulation is a chemical treatment process in which chemicals
are added to promote particle growth under flocculation, & physical process that increases patticle
collisions through slow mixing with large blades or paddles. Coagulation/flocculation is often used
in conjunction with precipitation processes or as a component in a setling or filtration treatment
stage. ' : : . .

Precipitation. Precipitation of inorganic contaminants in water is induced by 2 cherical
reaction that converts a soluble contaminant species to an insofuble form. Removal of the precipitate
is then accomplished through sedimentation or filtration. One advantage of precipitation treatments
is the relatively low waste volumes produced. Because of the diverse chemical species fonnd in
groundwater, selection of the proper chemicals for use generally requires bench and field studies that
often include pH adjustment for optimum results. Precipitation is an effective and well-established
treatment for many contaminants and has been a primary treatment for metals in industrial waste
waters for years (DOD 1994). Lirme softening is one precipitation process that has an efficiency of .
approximately 85 to 99% for removal of dissolved uranium (EPA 1993a). ' _ S

Y




R e bt 2 e b ey bbb e e . M -

27 Marck 17, 1998

Ion Exchange. Ion exchange is a process in which ions of interest are exchanged for other
ions held on an insoluble exchange material. The exchange materdal is generally a synthetic otganic
resin that is stable under a wide range of lemperature and pH conditions. These materials canbe
wilored to be highly specific toward a given ion. Once a resin bécomes saturated with the target ion,
the resin can be regenerated using a highly concentrated solution of the relatively harmless, originally
bound ion. This solution shifts the equilibriurn back to the original state of the resin, leaving 2
solution concentrated in the target (contaminant) ion. lon exchange is a well-established treatment
for many contaminants, and it has.an efficiency of approximately 63 to 99% for removal of dissolved
uranium (EPA 1993a), Ion :xchang: is one of the most commonly used mcthods at sites with -
uranium-contaminated groundwater (DOE 19911,

Liquid-liquid extraction: Liquid-liquid extraction. involves the coniplexdtion of an-. . -
" inorganic species such as a dissolved uranium ion with an organic compound. The contaminated
© aqueous solution is then mixed with an organic solvent that is not soluble in water. The complexed

species is designed 1o be more soluble in the organic solvent than water, and, thevefore, is

. preferentially extracted into the organic liquid phase, which i3 subsequently drawn off from the

aqueous phase. The method can be highly selective toward a single coniaminant in a complex

sojution. Liquid-liquid extraction has been used extensively in the nuclear industry for the processing

of spent nuclear fuel for the separation of uranium and plutonium (Ivanovich and Harmon 1992).
However, the involvemnent of an organic liquid phase, often a hazardous chemical itself, relegates
this method 1o smaller scale operations where other methods have proven ineffective.

Magnetic Separation. Two different types of magnetic separation processes have recently
been investigated for the remediation of contaminated groundwater — the Mag*Sep and high-
gradient magnetic separation (HGMS}

The Mag*Sep™™ prmess'injccts engineered particles into a kiquid waste stream. The
particles range in size from 25 10 300 pm, have a magnetic core, and are coated with a functionalized
resin. The resin acts in a manner similar to ion-exchange resins; that is, they adsorb selective target
ions. Afier the particles have been in the contaminated water for an appropriate period of time, they
are magnetically removed from solution (DOE 1996). The process is claimed to be more selective
than ion exchange and, therefore, produces less waste product. No full-scele commercial @pllcatmns
of this process have been conducied for remediation of uranium in groundwater.

The HGMS process passes the contaminated fluid through a highly magmtimd volume
containing a magnetic matrix material such as steel wool. A slightly magnetic contaminant species
such as uranium becomes attached to the matrix material and is then removed from solution. The
process resulls in very small waste volumes. Application of this technology to water treatment is still
in the research phase at Los Alamos National Laboratory. '
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Supported Liquid Membranes. A liquid nembrane containing a complexing agent for -
a specific contaminant such as uraniom is supported on a hollow fiber membrane through which a
liquid waste stream is passed. The complexing agent altaches io its target ion: when the ion contacts
the liquid membrane. The containanr jon complex is then selectively passed through the membrane
. where it comes into contact with a stripping sotution. Supporied liquid membranes have been studied
" for over 20 years for a variety of applications and more recently for the removal of uranium,
chromium, and technetium from consaminated groundwaters (DOE 1995). The interest in the process
is related to its high target specificity, which results in reduced waste volumes. Also, the recovered:
¢ontaminant. such as uranium. would be 1n amsouably pure form for potential reuse. However, no -
field tests have been repnrted

Ultraviolet Oxidation. Ultraviolet (UV) oxidation is a treatment process for organic .
compounds and is effective in the treatment of nitroaromatic compounds (DOD 1994). hts primary
advantage over other methods such as carbon adsorption is its destruction of the contaminant
corapounds; it is capable of complete mineralization (o carbon dioxide, water, and salts. The process
involves exposing the contaminated water to strong UV light in the presence of strong chemical
oxidizers such as ozone and/or hydrogen peroxide. UV oxidation is an established reatment process
and is readily available from cumm:rmal vendors. : . '

Granular Activated Carbon. Carbon adsorption is very effective in treating organically
contaminated waste waters. Granular activated carbon (GAC) has a high sutface areaan has been -
used extensively in treating process waters at munitions plants (EPA 1693a). The process involves
. the adsorption of organic contaminants on carbon surfaces as the waste water is passed through a

GAC filter, Therefore, the contaminants are not destroyed, and the GAC in the filter must be further .

treated or disposed of. Carbon adsorption is readily available from commercial venders since it is .
a well-established technology for treating municipal, industrial, and hazardous wastes.

Incineration. Incineration is not directly applicable 1o groundwater treatment, but can be
used to treat secondary waste products. The incineration of hazardous wastes is an effective
technology for destruction of organic contaminants and can also be used for volume reduction of
combustible wastes contaminatéd with inotganic contaminants. Furnace temperatures typically range
from 870 to 1,200°C (1,400 10 2,200°F). Incineration has been- used for the destruction of .

nritroaromatic compounds in contaminated soils (EPA IQ‘DS:} The technology is readily available -

from conunercm vendors.
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2.2.6.3 Biological/Physical Treatments

Bmsurpuoniﬂiotrlnsfnrmatim Biosorption of uranium hy microorganisms is currently

. being swdied for use in treating contaminated water. Microorganisms can be fixed in media in a

filter bed of injected into solution, thus absorbing the uranium as the water is passed through the

filter. Filtration or centrifugation of the biomass would be TecRSSAry for processes -where the

rnmrourgmlsms were not fixed in a filter media.

Bmtransfonnauun involves the oxidation or redﬂcum of metals by microorganisms. which
may result in conversion to an insoluble form. The precipitated form may then be removed through
fittration or centrifugation. Both biosorption and b:utransforma:wn pzmm are still in the research-

- stage for cleaning contaminaed water. .- .

Biodegradatien. Bioreactors are tised 1o degmdc organic contaminanis in ‘water with
microorganisms suspended ia solution of fixed on an inert support matrix (DOD 1994). To ensure

- effsctiveness, microorganisms must first be identified that are capable of degrading the target

contarninants. Biodegradation is a weil-developed technology for treating municipal wastewater in
which the organic waste content is usually higher and of a different nature than that found ar
remedial action sites. The primary advantage of biodegradation is the destruction of the target
compounds. The use of bioresctors for treating nitrozromatic compounds is only in the
developmenta! stage, but has provena to be effecuvu in lab-scale rests (EPA 1993a).

2264 Summary

The screening analysis for ex-situ treatmerit of groundwawr is summzed in Table 2.4.
All physical and chemnical treatment technologies, except the supponted liquid membrane and
maguetic separation technologies for uranium, have been retained for possible use in conjunction
with groundwater extraction from the cantaminated area north-of the quarry. Determination of the
appropriate technologies ° ‘would depend on the chemical characteristics of the groundwater at the
tme of extraction. The biological treatment technologies were not retained for further consideration
because they are not fully developed and do not have any significant advanmgﬁnvﬂﬂ:eembhshed
chemical treatment technologics for ex-situ treatment of groundwater.

2,27 Disposal

The disposal options ¢ould be used to support other groundwater response actions. Thr_:se
options are lirnited to the disposal of contarinated solids generated as by-products of othes response
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| . TABLE 2.4 Summary of Screnﬁlg_w for Ex-Sttu Treatment Measures

]mpltmcﬂubﬂuy

n |

destruction of organie-coupounds and wane |
voltume reduction. .

existing technology.

Ex-Sitn Measure ErTmneness Y
Filraion Mmmmmmwﬁdﬂt&fm Wmldbem}rmmpkm Eow
' the extricted yuundwm _
{Coagulationfloccutaon L su:l mmmﬁlmun and seuling processes. “Woukt be easy o implement. Eow
Sauting/oeantifugs Preliminary Hap w0 WPursc n:pmlu! solids feom  Would be sazy to isnplenent, ~ Low
: the mmcted groundwater, _
Evaporation . Cosolidaies suspended and dissotved solidy by Would be casy 1o implement.  Low
. driving off e water, Th:mulun;nummmd E :

solid cam be sent for :hponl

Revarse psmosis ‘Porential prefiminary step for rearment, Effective: . Could de lmplcmm:d with Moderare

' a comcetirating dissolved contamingnts ia solwtion. - ::m:a; technology.
Coprecipitaion Convemional meehod For sxtracling uracium Eror Could be mmmm Maderate
. solinjon. Dependent on dissobved species. txining techroboyy.

lon exchange - Can';.'mim.ia] method for extracting wramiom and - Coulld bennplmmd mﬂ'a . Moderss

nirares from sobnion. Dependant on dissolved existing sechmology. '
. spevies. ’ .

Liguid-liquid extraction Conventional method for ettracting wraniven from " Couldbe impiemented with Moderas
satution. Dependent on disgolved epecies. exiating echnology. '

Supported liquid Newsr technology for dissolved meta) extcaction Implemesiation questioable. High

membrames being investigated for cemedimbon programs.

Maghelic separalion Newer technology for dissolved metel exmraction  Implementation quesiioesibie. High

_ being investigaed for remedianicn progrems. _ :

Ulravioles oxidation Canvmmnal method for degradation of nitro- Could he implemenied with ‘Mhodetite

Granular aclivated . Conventiomal memod for exmaction of - ~ Could be implemented with Modeene

carbon : nitrouomﬁ: compoinds From solutian. exising wechnology. -

Biosorption Newsr mhmlmr under development for dissobved  bmplemeniaiion questionable. High
metal extaction being iavestigaed for remediation :
FrogTams. :

Bicdegradution Newer iwchnotogy under developroent for degraca-  Implemestation quesionsbile. High
ticm of mitroaromakic compords by micro- .
organistig being investignieid for rexedistion
programs. .

[ncineration Supporting measure. Conventional method for Could be mﬂmnmd with Moderae

: . trhigh
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actions. All contaminated waste msulung from groundwater remediation would hc plmd in the

planned on-site disposal cell or at an off-site facility afier the cell was closed. Any treated process
water or groundwater would be discharged to the Missouri River through the existing water:

‘dischargs pipeline at the quarry water treatment plant (QWTP). Uncontaminated solid process waste

could be disposed of off-site at a commercial facility, as appropriate.

23 POTENTIALLY APPLICABLE TECHNOLOGIES

Potentially applicable tachmrlogm for groundwater remediation are summarized in _

' Table 2.5. This surnrnary is based on the screening analysis presented in Section 2.2. The tech-

nologies that have been retainad through this analysis were used to develop preliminary rcmedwl
action alternatives for the site. These aliernatives are ldanuﬁed in Chapter 3. - '
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TABLE 2.5 Screening of Potenthﬂy Apﬁﬁnhh Technologies for Groundwater Remediation

Evaluarion

Geeral Response
Action - Tecnnology Type Resylt Comments -
| Instietional controls  Groundwaler access Remined  Could cifectively Himit access to areas with comaminpted

Testrictions groundwaer and coutd be used to support other response E
actions. ' _ :

Cramership and *  Remined Could minimize cxposumes ta site comaminans by I.ihﬁting

land- use or deed use of contaminated grnundwmmandmubdbeuedm

restrichions suppm‘t other actions. _
Monitoring Verical wells Retained  Could provide dua usefis] for minimizing exposures and
’ could be vsed mppm other response actions.
t-siti containment Physical Barrie ;- - Remined ~ Could cffmnvely fimét migeation of comarminan meterlals. . - -
Hydroulic comainment Rejected  Could s effectively comirot water flow because of the
' - aquifer's stoping base atd che low and contrasting
permeabilitics found within the aquifer.
Immobilization Rejected  Could not inject the requinsd maverials into the aquifer
. because of the aquifer’s iow permeabiliry. Uniform delivery
of the marerials is sise queskonable,
En-sity Treatment Natural pmcess!; Retained  Covld reduce contaminant cobesntrations given sufﬁc'ien.t
time and rould be used o sapport other rEspanie HCHORS.

Bioremediation Rejected Could not ;njm the required materials into the aquifer
becavse of the aquifer’s low permedbiliry, memm delwery
of the aterials is also questionable,

Electrokinetics Rejected  Comaminated area is too Iarge for this iechnology 1o be
feaible, and its effectiveness in removing uTaniom coftami-
nation is still in the demonsiration phase in the Lnited
States.

“Ureanium mining Rejected  Could not inject the requized materials into the aquifer
because of the aquifer’s low permeability. Uniform delivery
of 1he materials # also questonable, Mobilized uraniam
might be difficult o contral.

Rezctive wall Ratgined  Permeable wall could be effective in cemoving contaminants

' from grnundumas the groundwater passed through the
wall.

Phytorerediation Rejected - Inoffective a1 remediating contamination 1hat iy more then

. about 3 m (1§ ft) deep.
Removal Vertical wells Rejected  Ineffective for pumping groundwater because of the
aquifer's low permesbility, :

Horzontal wells Rejected  Ineffective for purmping groundwater because of the
aquifer’s Low permesbiliry.

lurercepror drain . Reained Could be effective in captuting the gmundwmr a% jt left the

contaminated arez.
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TABLE 2.5 (Cont.}
(reneral Response Evaluation
Agtian - Technoiogy Tvpe " Result Commens
Removal {Cont. Exc:r- ating/dredging and  Rejected " Interim actions heve already excavated material in vicinity
pumping . properties sxceading apprepriate levels. The remaining
CORraminant concepranons in the agifer syil matecisl-are
beiow site-derived cleanup levels.
Ex-sits reatment - Filtrovion Rewsined  Effective in removing suspended sofids from solutions.
- Could be used to support other responss sctions.
Cnagulaiiumﬂuceulaﬁcn Retained  Effective in enhancizg fllteation and sealing processes.
Sertling/cantrifuge . Retained  Effective in removing suspendedt solids from solution: Could
P - . - beused 1 suppon other RepOse actions. _
Evaporation Botained  Effective in removing suspended and dissolved solids from
solusian. Ciould be used 10 suppott other nesponse actions.
Raverse 0sMosis Rewsined  Effective in conceptrating contaminants in solutien: Could
' be used 16 support other respanse ackions.
Coptacipicaion Retained  Effective convemtional methed for removing uraniem from
solutton.
lon =sxchange Retained Effacuvz sonventional method for remaving vranium t‘rarm
sn]utmn
Liquid-liguid extraction Retained  Effective conventionat method for remaving uranium from
' solution.
Supported liquid Rejected  Method under developmeny for removing metals from
membrangs mluuun ’
Magnette upmriﬁn sza&ad Method under development for rwming mctah from
sulun-:m
L‘]uaﬁntct oxiclation Retained  Effective conventional method for degrading nivoaromatics
from salution.
Gramular setivated carbon  Retained  Effective enaventional method for m*min; nitromeTImatics
from solution.
Biasorption Rejected  Method under development for removing metals from
sohated.
Biodegradation Rejected  Method under development for dc;ﬁdm; organics in
. solution.
Incineratian Retsined  Effective conventional method for degrading organic -
compounds and reducing waste votumes, Could be used to
SUpPOIT other response actions. .
Disposal On-site disposal cell Retained  Effective for disposing of waste mated by othes rEsponse
' actions.
Oif.site Facility ~ Retained Might be required if quastity o type of wasie could not be

accommodated by the on-site disposal ccll or if the cell was
clased.
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'3 PEVELOPMENT AND SCREENING OF PRELIMINARY ALTERNATIVES

The purpose of a feasm:]u}' study.and the overall remedy selection pmcess is'to identify.
evaluate. and select appropriare remedial actions that eliminate. reduce, or control risks to human
health and the environment. This chapter discusses the development and screening of preliminary -
aliemnatives assembled from combinations of technologies-and associated process options that were
retained following the screening and evaiuation procadures described in Chapter 2. : '

3.1 CRITERIA FOR DEVELOPING ALTERNATIVES

. The criteria for developing action alternatives are provided in guidanée: from the EPA

© -£1988a) and the NCP (EPA 199023 These criteria are used (o develop altematives that protect humnan ©

health and the environment by controlling risks posed through each exposure pathway at a site. The
number and types of alternatives to be analyzed are site specific and take into account the scope, -
characteristics, and complexity of the problem being addressed. The following types of alternatives

. were developed for the QROU in accordance with EPA guidance:

= Alternatives that inmlvc freatment as a principat cornponent to reduce the

toxicity. mobility, or volume of the hazardous substancss, poliutants, or

contaminants remaining at the site. As appropriate, this range of tecatment

altematives should inciude an alternative that removes or destroys hazardous

substances, poliutants, or contaminants to the maximum extent feasible,

- thereby eliminating or minimizing to the degree possible, the need for long-
Term management.

* Conlainment a.ttr.matives that invelve little or no treatment but provide
protection of human health and the environment by preventing or controlling
exposure to havardous subistances, poilutants, or contaminants, These alteria-
tives might include engineering contrels .and, as. necessary, institutioral
controls to protect human health and the environment and to ensure continued -
effectiveness of the response action.

* A no action aliemative, which might involve no further action if some
removal or remedial action had already occurred at the site, is included as a
-paseline for comparison with other altamauves,

The general response actions for groundwater identified in Chapter 2 are (1) insunmonal
controls,. excluding monitering; (2) monitoring; (3) containment; (4) in-sity treatment: and
(5) extraction and weatment. Institutional controks include access and legal restrictions. Groundwater
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monitoring for the QROU would include the existing monitoring well network, as well as any
additional wells'to be constructed as part of an alternative action. Containment actions could irclude

" interception of groundwater. installation of horizontal and vertical barriers. and containment by
pumping. Treatment actions could include physicochemical treatment, biological reatment, thermal
treatment, electrical treatment (e.2., in-situ electrokinetics), and in-situ (reatment.

32 IDENTIFICATION OF PRELIMINARY ALTERNATIVES

. Preliminary alternatives weré assembled from combinations of technologies and associated
managesnent strategies (2.g.. instirational controls and well restrictions) that were retained following
the screening and evaluation process described in Chaptér 2. Potential action altematives were
screened to eliminate those alternatives determined too difficult to implement on the basis of

unproven technologies. those determined Hot sfficient to remediste the site within a reasonable time ™~

period, or those determined to have limited application for the specific contaminant or site conditions
(EPA 1988a). The technologies and management strategies that' were not climinated were
incorporated into the following preliminary alternatives: '
¢ Alternative 1: No Action; -

*  Alemarive 2: Monitering with No Active Remediation;

+  Alternative 3: Groundwater Remnoval with On-Site Treatment;

+  Alternative 4: Containment;

»  Alternative 5: In-Situ Treatment Using Permeable Barriers; and

»  Alternative & Groundwater Removal at Seleemd Areas, with On-Site
Treatment

The alternatives range from no action, in which no further action wonld be taken at the site, 0 in-siti
trearrnent of the groundwater, which would reduce future m:grauun of the contamination toward the
St. Charles County well field.

3.2.1 Factors Common to Preliminary Action Alternatives

The approaches for implementing these six preliminary alternatives contain a2 number of
similar activities. For example, it was assumed that monitoring would occur during the cleanup
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period under each of the preliminary action alternatives. Monitoting would be continued, as needed,
for those altematives not invelving active removal of contaminants from the groundwater,

Current restorat:on plans for the quarry inclide backfilling with scil. For this FS. it was
assumed that this activity would have been m:plemnted 1o complement any remedial action.
petfotmed for quarry gruundwater :

Each alternative (other than no action) would require various support operations before
impiementation. These activities would include the design and construction of staging/siorage areas
for wastes. procurement of appropriate equipment, and development of contingency plans and
operational cnntmls to minimize contaminant rekeases (s.ce Section 3.2.2).

1322 Factors Sp;ec'i'ﬁc 'tﬂ-fhéh' Prelinﬁnary Mierﬁativg"

3.2.2.1 Alternative 1: No Action

. The No Action Alternative {Alternative 1) is intended 10 pmv:de a baseline for cnmpamun
wnh the other altematives evaluated. Under Alternative 1, no further action would be taken ai the -

site,. and any curmently ongoing maintgnance and monitoring would be discontinued. This alternative -

would not provide {or any active or passive institutional controls to reduce the potential for exposure
to contaminants currently in the guarry groundwater. Altemative 1 is by definition a zero-cost, zero-
protection alternative in. that it provides no added protection to eny receptor in the form of
engineering or institutional coatrols.

3.2.2.2 Alternative 2: Monitoring with No Active Remediation

Alternative 2 would not involve groundwater extraction, in-situ or ex-situ treatment, or

~ containment actions. It would rely upon the groundwater's natural ability to lower contatninant

concentrations through physicai, chemical (including reduction and precipitation), and biclogical
processes until appropriaiely low levels were achieved. These processes include adsorption to soil
particles, biodegradation (for nitroaromatic compounds), and dilution and dispersion in groundwater.
{Changcsiandehinthngrmndwamrmnhnfthe&mmagewhammmﬁng
flood conditions. in this case, however, contaminant concentrations are greatly reduced because of
the introduction of uncontaminated floodwater.)

At the quarry area, the migration ufmsidualmnmninnﬁmﬁ-omtheﬁuanypmpermmhs '
south of the slough is generally prevented by reduction and precipitation, dilution, and sorption
(DOE 1998b), although slightly greater tham background values have been measured at RMW-2. The
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coiitaminants in the groundwater north of the slough appear o be reiarded. Data fmm the
26 groundwater monitoring weils lecated north and south of Femme Osage Slough (DOE 1998b)

show thar groundwater between the quarry and the slough is contaminated with chemical and

radioactive constituents from waste that was previously d;sposed of in the quarry. It has been
. postulated that uranium: precipitatien in solid phases occurs in 2 reduction front along the slough and
acts as & geochemical barrier to comaminant migration south of the slough toward the afluvial well

field that supplies drinking water (DOE 1998b). The geochemistry of the groundwater north of the -
slough (pH of about 7 and Eh < ©) supports the precipitation of uranivm in the forms of USiO,

(coffinite) and U'O, (uraninite). Fate and ransport modeling results appear to indicate that natura}

processes will likely maintain contaminant concentrations below the metric of 30 pCi/L in the

vicinity of the public drinking wells, primarily because of dilution and dispersion. Although inhérent

urcertainties are associated with these observations, they suggest that active remediation might nof.
be necessary. ' - :

Further. certain conditions at the quarty area appear to be consistent with those identified
by the EPA (19882) as conditions that would be suitable for taking natural attenuation as an approach
to ultimately achieving contamination reduction. Candmuns at the quarry area that would apply

-include the following: :

. Quarry groundwater is not availabie in sufficient quanuty at anjr depth to meet
the needs of an average houschold.

2. Precipitation of uranium from solwtion as insoluble compounds coujd be
oceurTing in the fine-grained soils adjacent to the stough within the alluvial
aquifer. Uranjum is a fow mobility contaminant porth of the slough, because
of the low groundwater flow rates, the sorptive capacity of the aquifer
material, and the potential for pracipitation in the redox zone.

3. Uranium concentrations are less than 1,000 pCi/L in the majority of the
plume. In addition, there have been only six wells where one or mom
nitrearomatic compounds have been detected at concentrations over 1 pg/l.
over the last 10 years of monitoring. One well bad a detected
-1,3-dinitrobenzene concentration greater than 1.0 pg/L prior to bulk waste
removal; ao nitroaromatic compounds have been detected in more recent data
{circa 1996 and 1997). For 2,4-dinitrotoluene, maximum concentrations in
three wells (MW-1005, MW-1006, and MW-1027) ranged from 0.15 to
2.5 pg/L. marginally above the standard for rﬂnuval of .11 g/l

4. Exposure to quarry groundwater is considered to be unl:kcly on the bas:s of
current and expected future land use (DOE 1998b); and
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5. Groundwater that is used as a drinking water supply in the area is primarily
taken from the deep productive aquifer of the Ordovician/Cambrian bedrock '
system pear the chemical plant area.and from the alluvial aquifer aeaf the
Missouri River. The low yield determined in the quarry area is not expected
10 support any susmined use of the shaltow groundwater (DOE l?ﬂﬂb].

The activities associated wuh Alternative 2 would involve continued monitoring of grouad
water and air, along with well maintenance. Groundwaser would be routinely sampled and analyzed
{0 monitor contaminant migration and degradation (in the case of nitroarpmatics) 1o ensure that
potential drinking water supplies were continually protected. The direction and rate of movemen
of the contaminant plume (defined in this chapter as the measurable discharge of a cantaminant from
a given point of origin [DOE 1991]) would be tracked as a function of time. For this alternative,

_groundwater monitoring would continye for.a period of time specified in the ROD. ' :

Groundwater monitoring would be conducted using the existing weli network, as appro-.
priate. The current network might be expanded or reduced accordingly to optirnize monitoring
activities. However, as an upper-bound evaluation, additional monitoring wells were assomed to be
instalied and sampled 10 evaluate the protectiveness of this alternative. For conservatism, the
evaluation of Altemnative 2 was based on the assurnption that the construction and operation of
additional wells would be equivalent to approximately 15% of the number of existing wells.

Because contamination would remain in the groundwater at concentrations above levels thal
allow for unlimited use and unrestricted exposure. reviews would be conducted at least every
five years after the remedy was completed o ensure that it continusd o provide adequate protection -
of buman health and the environment. Contingency measures weould be considered if future data
were to indicate that unacceptable exposure concentrations would appear at the St. Charles County
well field. These contingency measures are identified in the Well Field Contingency Plan (DOE
1998¢).

It is expected that the concentration of contaminants in the area of the quary will continue
10 decrease with time due to removal of the original source of contamination from the quarry and to
dilution from infiltration of rainwater and runoff and from sporadic local flooding. A time frame of
about 100 to 1,000 years would be expected for the contaminant concentrations to decrease below
the metric of 30 pCi/L as a resuit of the natural processes that are expected to occur. This estimate
is based on the fact that seurce-ccmroi measures to prevent further releases of contaminants w0
groundwater have been aocomphshed through bulk waste excavation at the quarry and removal of
contaminated soil from Vicinity Property 9. It is also based on the fact that significant migration of
uranium contamination south of Femme Osage Slough has not been detected at the St Charles
County well field over the last 40 years. '




36 _ ' March 17, 1998.

32.2.3 Alternative 3: Grouuﬁnter Removal with Dn»Sil:e.Tmhmnl

Alternative 3 would involve extraction and treatrnent of the quarty sreundwaler to dchieve -
2 uraniua concentiation of 30 pCi/L,. Cuatry area groundwater exceeding this concentration would .
be rermoved by use of interceptor trenches. pumped 0 and treated at either the existing QWTP ora '_
similar facHity, and discharged through a permitted discharge point. Reinjection of the weated
groundwaer into the aquifer was not considered feasible because of the low permeability of the
formation. (The maximur extractios rate from a conventional vetical well is about 0.06 Ls[t gpm]
[DOE 1998b].3 '

The conceptual design of the groundwater removal system is based on extraction using
interceptor trenches. This system would involve consiructing trenches and installing perforated

draigp'ipc and a bed of crushed stone to collectand convey groundwater flow to a storage tank or . . b

* sump for ireatment, One advantage of intercepior iténches is that they can collect water from a large
. subsurface cross section and, thus, incredse the rate of groundwater extraction. For this analysis, it
was assmed that an interceptor trench 1 m (3 &) wide and 610'm (2,000 f1) long, located north and
east of the Femme Osage Slough, would be required to achieve areasonable extraction raté (about
210 3 L/s [30 1o 50 gpm)) and 1o contain further spread of contaminants to the slough. (The

hypothetical focation of the groundwater removal system is shows in Figure 3.1.)'On the basis of o

cross-sectional data showing the depth to bedrock as a function of distance from the slough
(DOE 1998b), an average depth of about-9 m (30 ft) was conservatively applied in this analysis.
Additional investigation of aquifer charactefistics (e.g.. bulk soil density, porosity, and pastitioning
coefficient [K,] at various locations along the stough) would be necessary for detailed evaluation
of the placement of the interceptor trench and estimation of groundwater extraction rates. The actual
location, size, capacity, and depth of the interceptor trench would be determined during the remedial
design phase and would take into account hydrogeologic characteristics (permeability, thickness of
the aquifer, and depth of the affected groundwater) and delinsation of the contaminant plume.

By applying the range in values for hydrologic variables (e.g.. hydrautic conductivity and
hydraulic gradient) given in DOE (1998b), the maximuni possible extraction rate for an interceptor
trench with a length of 610 m (2,000 fi) was estimated 10 range from approximately 2 to 3 L/s (30
to 50 gpm) (see Appendix B). Altemative 3 was based on the assumption of an upper extraction rate

of approximately 3 L/s (50 gpm), which is somewhat less than the nominal treatment capacity of
5 L5 (80-gpm) for the QWTP. The maximure uranium concentration of about 4,200 pCL. detected

during recent groundwater monitoring (DOE 1998b) is less than the maximum allowabie

concentration of 36,000 pCi/L for treatment at the QWTP (Valett 1997), ' '
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. The proximity of Fernme Osage Siough requlres additional design and operational

considerations for the interceptor rench. Because groundwater pumping would not appreciably draw
down the slough level. the slough could serve as a near-infinite source of unwanted water flowing
to the groundwater extraction system. For effective recovery by the interceptor trench sysiem, a

restrictive subsurface siructure, such as a containment wall, would be necessary. Standard industrial |

practice in similar circumstances is to key in a sluiry wall into the bedrock to minimize interagtion
berween upgradient groundwater and the groundwater exteaction system (see DOE 1993z, 1994a}.
" {A high-density polyethylene {HDPE] finer on the outside wall of the interceptor trench rather than
2 slurry wall would not provide adequate strength to maintain structusal integrity for adequate
containfment.} A slury wall 610 m {2,000 ft) long would be constructed near the slough (between
the slough and the imerceptor trench) to reduce the inflow o the trench of slough water and
groundwater from outside the remediation area. '

An area of approximately 1.6 ha (4 acres) would initiatly be cleared of vegetation to contain

' the slurry wall and interceptor rench. The slrry wall would then be constructed (see details in
Section 3.2.2 43, and 2 1-m (3-ft} wide trench would be dug for the interceptor trench. Mechanical
excavation involving standard construction methods and earthmoving equipment such as backhoes

would be used to remove the soil that is not in contact with groundwater. Mechanical dredging with

a clamshell or dragline might be used to remove subsurface media in contact with groundwater,
depending upon the groundwater {low rate. (For costing purposes, this analysis assumed excavation
usmg a Caterpillar 235 backhoe with an extension boom and a bucket capacity of approximately
19m’ 25 yd3} continuous structural excavation using equipment such as a Cleveland 18-36

trencher was determined 1o be much more costly, on the basis of a comparison of unit costs given
in Richardsen Engineering Services {1993).) Sidewal! protection during excavation would be
provided by trench boxes. Access to the excavation areas would be restricted” during remedial
operations. Actual requirements for these controls would be defined during remedial r.ics;gn, when
the detailed sequencing and implementation plans were prepared.

ﬁfter cunstruclion of the interceptor trench, a Mxtilc fabric would be placed in the

bottorn of the trench, with enough material to comipletely cover the gravel layer, and a perforated

. pipe would be laid on top of the geotextile fabric at the bottom of the trench. The fabric would
prevent the perforated collection pipe from filling with solids, such as silt and sand, and clogging,
The remaining area within the trench would be filled with crushed stone to ensure that groundwater
would be drawn to the collection pipe. Eleven sumps would be placed along the length of the
interceptor trench to collect and remove the groundwater. (The total number of sumps was calculated
using the methedology provided in the French Drain System for Site Remediation {Naval Encrgy and
Environmental Support Activity 1991], taking into account the hydraulic conductivity and hydravlic
gradient of the aquifer and the gravel, as well as the proposed dimensions of the interceptor tench.
An intercepior trench systern with a single sump using gravity to drain the entire trench iength was
considersd but was determined o be less desirable because this would invetve excavation into

approximately 6 m [20 ft] of the bedrock to achieve 0.3 m {1 ft} of drop per each 30 m F100 ft] of

- ———
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horizontal ‘run for drainage purpeses.) This analys'is assumed a passive system {i.e.. without
groundwatér gradient control): groundwater pumps. weuld be included for the putpose of emr:uatmg
the sumps. :

A cap of clay-rich soil would then be placed on the backfill media to form a layer over the
‘contaminated groundwater to limit infiltration of precipitation and to provide weather protecticn. The
cap-and backfill would be compacted with a vibrating plate to reduce settling. The excavaied arzas
would be regraded and revégetated. A typical interceptor trench system is iliustrated in Figure 3.2.

About 13,000 m? (17,000 yd?) of material would be excavated in the development of the
trench and sturry wall systems. This analysis was based on the assumption that the excavated solids
would be brought to the chemical plani area at the Weldon Spring site for-either direct placernent in

the on-site ¢ng1nEETEd dlspnsal famhur or temporary stnckp:lmg ntil plan:em:m mujd take place L

{Valew 1997).

The - air would be monitored during remedial activities so that appropriate mitigative
measures could be taken if any airborne contamination was detected, Long-term air monitoring
would be implemented following completion of construction to ensure detection of potcnt:ai airborne
releases of contaminants due 10 system failure of the mterceptor trench,

The extracted groundwater would be contained in an.aboveground tank before being
pumped to a ireatment facility. An aboveground tank would be included for groundwater coliection
1o allow potential 'lre_al:mem near the interceptor wwench, Use of the QWTP for treatment of the
extracted groundwater was assumed for Alternative 3. The treatment capabilities of the QWTP
include sedimeniation. filtration, chemical treatment, and ion exchange. The nowminal treatmetit
capacity is 5 L/s (80 gpm), which is greater than the maximuin possible extraction rate of 3 Lis
{50 gpm} assumed for this aiternative. i was assumed that if the QWTP weze not available, a fac:lﬁy
with similar capabilities would be constructed.

A double-wa]l polyvinyl chioride (PVC) pipeline would be constructed to transfer the water
from the interceptor trench storage tank to the QWTP. Groundwater would be pumped from the
aboveground tank to the existing equalization basin at the QWTP. The basin serves as a reservoir
to provide consisteat flow and uniferm contaminant concentrations at the QWTP. In the QWTP,
water would be subjected 1o & series of treatment processes to remove uranium, nitrates, and other
chernical contaminants (Figure 3.3). The QWTP would be operated on a barch mode and would go-
into operation whenever the equahzatwn basin mnmn::d sufficient water to make operation of the '
water treatmens process feasible.

The treated water fromythe QWTP would be stored in two existing effluent ponds, each with
a capacity of 3.8 milion L (1 million gal). The treated water would be tested to verify that the
treatrients had reduced contaminant concentrations to permissible levels and to confirm compliance
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~ with the requirements of the Narional Pollutant Discharge Elimination System {NPDES) permit.

Treated water mesting the requirements of this permit would be discharged into the Missouri River. -

Studge generated by the water treatment process is currenly placed into 3-m? (4-vd%) boxas
and transported to the iemporary storage area at the chemical plant area. The sludge is placed within
a bermed drea constructed on top of the fine-grained soi] pile at the temporary storage area and
allowed to dewaier. Eventually the sludge is mixed within the fine-grained soil matrix of the soil pile
(Valett 1997). This mixiure will be disposed of in the on-site enginesred disposal facility at the
chernical plant area. when it becomes available. Any dewatered sludge generated following closure
of the on-site disposal faciliry would be packaged for off-site shipment and disposal, The dewatered
sludge would be shipped by truck to the off-site licensed disposal facility. Assuming packaging in
standard 55-gal drums and truck transport, on average, only one off-site shipment of wastewater

-sludge to a licensed disposal facility would be required anhually, . SR

The maximum radioactivity of the dewatered sludge resuiting from groundwater teatment
is estimated to be about 200 pCi/g of uranium, which is considerably less than the maximam average
concentration of 18,000 pCi/g of uranjum allowed in waste sent to the Envirocare factlity in Utah,
* The maximum value of 200 pCi/g of uranium was derived on the basis of an assemed concentration
of 3.000 pCi/L of uranium during groundwater monitoring (DOE 1998b} and an assumed value of
1.5 g of sludge per 100 g of wastewater (Shropshire et al. 1995), The actual amount of dewatered
sludge would depend on the entrainment of fine silts/sands from the aliuvial aquifes into the
collection pipe within the interceptor trench. ' -

Stabilization of the dewatered sludge with umnh[_-nﬁght-be necessary to satisfy the waste-
_ accepiance criteriz of an off-site disposal facility. Treatability studies might be required before the
remedial design to determine the most appropriate approach for managing the sludge, '

Environmental monitoring would be continued to the extent necessary (o ensure. long-term
performance of the remedy. The period of extraction and treatment for Alterative 3 is conserva-
tvely predicied to be at least 200 years (see Appendix B) and would be governed by the natural
groundwater flow within the alluvial aquifer and the contaminant concentrations. o

3.2.2.4 Alternative 4; Conitaintment

Under Alternative 4, the subsurface contamination would: be isolated by instaltation of
lateral barriers that would serve 10 contain the contarninated groundwater near the quarry area and
prevent it from migrating to the production wells, thereby reducing the associated potential for
exposure. (The proposed location of the slurry wall system is similar to that shown in Figure 3.1 for
the interceptor trench concept.) Engineering controls such as containment are generally used for

materials that pose a relatively low long-term threat or in cases where treatment is impracticable.
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This alternative would be develnped in ¢onjunction with capping in the quarry area to provide greater
effectiveness and reliability. Installation of horizontal basriers to isolate the contaminated shallow
aquiter from the deep bedrock aqulfer is, however. considered unnecessary. The possibility of - -
containation migrating o the deap bedrock aquifer is considered exiremely remota because of the

' thick sequence of intervening confining layers and the strong upward hydrauiic gradient present -

within the deep bedrock aquiter (DOE 1994b).

Alternative 4 would involve the use of a vertical slurry wall containing berisonite for
containment of the groundwater. A slurry wall is a vertical trench that is excavated under a sturry
and backfilled with a material that forms a low-permeability barrier. The slursy, which is usually a
mixture of bentonite and water, hydraulically shorss the trench to prevent collapse, In addition, the
slurry forms a filter cake on the wench walis to prevent high fluid losses into the surrounding ground.

. Slyrry walls are typically- differentiated by the materials used to backfill the tremch. The
'~ soil-bentonite sfurry wall, which consists of a backfill mixture of bentonite 5lurr3.r and soil, is the

most commoen type. (Soil-bentonite siurry walls are best suited 10 level terrain, such as that present
adjacent to the siough; thus, they were considered more appropriate for the QROU because both the
shurry and backfill would flow under stress. Cement-bentonite slurry walls were also considered but

‘are not as effective as a bentonite slarry wall and are more appropriate for steeply sloping terrain.)

One zdvantage of a bentonite-based mixture is that the vertical slurry wall may absorb metals such

. 2% uranium in groundwater paﬁsing through the wall (Marks et al. £994). Further smdies

{e.g., treatability studies) would be nécessary to detﬂrmne the degree of uranium capiure n:«qtured
{sf an}f}

An arez of approximately 0.8 ha (2 acres) would initially be cleared of vegetation o contain
the slurry wall, and a dike would be constructed as a mixing basin for the siurry {a mixture of soil,
bentonite, andsor water, depending on the moisture content of the soil). A narow trench {(1-m [3-f1]
wide) would then be excavated. typically by backhoe or dredging. The shurry would be introduced
immediately after the trench was opened and bafore the water table was reached. As excavation
continued, more shirry would be added to keep shurry in the trench at all times. Backfilling normally
would begin once a sufficient length of rench had been excavated, Backfill would be carefully.
niixed 1o the proper consistency and then placed in the trench using a bulldozer, The completed
sherry wall would typicaily be covered with a compacted soil cap.

* Because hydrauiic head differences would'dﬂ?elop in groundwater on either side. of the
barrier, the vertical barrier would bave to extend from the surface downward 1o below the upper
water-bearing zone, at a depth of about 9 m (30 f). The slurry wall would be based (keyed in) about
0.6 10 0.9 m (2 to 3 f1) into the bedrock to provide an effective foundation with minimumm leakage
potential (Marks et al. 1994). It is estimated that a shurry wall about 610 m (2,000 ft} long would be

_ needed. After the wall had been constructed, the upper 0.15 m (0.5 f1) of the trench would be

backfitled and compacted. The backfill would be material with low hydraulic conductivity. which
would act as 2 cap (o testrict vertical spread of contamination and pratect the slusry wali from drying
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 and eracking. Once the system was in place, the mixing besin would be demolished and the working
surface regraded. Excavated material woitld be placed over the cap laver. and the excavaled areas
woLd be regraded and revegetated. A schemiatic of a typical keyed-in slurry wall system is provided
in Figure 3.4 e

The permeability of a slury wall installed to control contaminated groundwater is largely
- dependent on the backfill material and is generally I x 107 10 1 x 106 cmys, Soil used for backfili
should-have a sufficient fines content to ensure low permeability of the wall, A fines content that is
30% finer than a number 200 sieve (74 pum) is considered adequate (EPA 1986). Backfiil usually
contaias § (o | 2% bentonite {a 9% bentonite mixture was used in this analysis). Although excavated
soil is normally used for backfill. borrow soil would be used in this case because the éxcavated soil .

might be contaminated. )

A shurty wall can be placed eithier upgradient or downgradient of the confaminaied 205e.
or it can be installed in a circumferential configuration completely encompassing the contaminated

zotte. Although the circumferential configuration is the most commion and offers several advantages, -

1 was not applied in this case because it would require shurry wall construction noith of the quarry
for compiete containment. An upgradient placement could be used to divert clean groundwater
around the contaminated zone north of the slough. However, this systern would also require slurry
wzll construction north of the quarry and would not completely stop any potential contaminant
migration south of the slough. Downgradient placement of the shurry wall was used in this analysis,

- FIGURE 3.4 Schematic of Typical Keyed-In Slurry Wall System (Source: Modified from Marks
et al, 1994 ' o




315 . March 17, 1998

~ Only about 6,600 m® (8,600 yd*) of solids would be excavated for Altzrnative 4, The

~volume woyid be less than that for Alernative 3. beczuse only a single wrench would be required for

Alternative 4. An approach similar to that.identified for Altemative 3 would be used 1o manage the
excavated materials.

Alr monitoring would be in place to detect mrhorne contaminants generated during remsdml
activities so that appropriate snitigative measures could be taken, if needed. Long-term air
menitoring would be implemented following completion of cénstruction to snsure detection of any
potential airbome releases of contaminants s a result of system failure.

Because of the low lziterai'velqcity of the cbntami:med grmmdwatcr withun the 'quarry'ana, :
it was assumned for this analysis that no subsurface drains would be needed 1o remove groundwater
‘that might collect at the vertical shurry wall and cause its premature failure. It was also assurned that
hydeaulic forces wouald pe insufficient to cause premature failure of the slury wall. (The pressure
drop across the vertica! slurry wall was estimated to be about 3 x 10 psi on the basis of 2 sluny wall
 thickness of about 1 m {3 ft] and applymg Darcy’s Law using the hydrologic values given in DOE
[1998D).. Actual fequirements for subsurface drains would be defined during the rémedial design
- phase, when the detailed sequencmg and mphmmmunn pians would be prepamd

Environmental monitnring-_wnuld continue to the extent necessary to ensure long-term .
performance of the remedy. Groundwater would be routinely sampled and analyzed to monitos the
long-term effectiveness of Alternative 4. Because contamination would remain in the groundwater
at concentrations above levels that allow for unlimited use and unrestricted exposure, reviews wouid
be conducted every five years to ensure that the remedy continued to provide adequate protection
of human health and the environment. Contingency measures would be considered if it was
determined that future further migration of residual contamination resulted in unacceptable

_concentzations at the St. Charles County well field. :

About one to two years would be needed to implement Alternative 4. The design life of the

vertical slurry wall would be about 100 years, during which time the concentrations of contaminants.

- would decrease due 10 biodegradation, radioactive decay, infiliration of clean groundwater, and other
natural processes.

| 3.2.2.5 Alternative §: In-Situ Treatment Using Permeable Barriers

Altemative 5 would involve in-situ treatment of the quarry groundwater by using a
permeable barrier to achieve a uranium concentration of 30 pCi/L in the groundwater immediately
north of Fernme Osage Slough. A permeable barrier (also called permeable weatment wall and
passive treatment wall) is a passive groundwater remediation technique by which contarninants are
removed from groundwater as it flows through an in-situ treatment bed. This technicue involves the
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- use of sorbents or reactive cnnstitucnt:s to remove the contaminants or to convert them to nontoxic
constituents a3 the groundwater passes through the permeable bartier. The contaminants are retained
in a.concentrated form by the barrier material. which is repiaced after Josing its redctive capacity.
Permeable barriers have the potential 10 treat a wide range of comaninants because of the varety
of treatrnemt media available. Perrneable barziers are best suited for shallow aquifers (less than 30m -
1100 ft]) that are bounded below. by a layer of low hydraulic conductivity, such as clay or bedrock.
Because of lower Q&M costs, permeable barriers might offer cost savings for the QROU, as

. compared with active groundwater remediation techniques such as conveational purnp-and-treat

methods. A permeabie barrier does not require electnc:t_v to extract:the groundwater and can be -
capped upon completion of removal operations.

A number of sorbents {including clinopiilolite, peat moss, and fly ash) are effective in
removing metals such as nranium from gmundv-ater {Mormison and Spangler 1992). Under
Alternative 5, it was assuined that clinoptilolite — a hydrated sodium-potassium-calcium alumiso- -
silicate natural minerai in the zeolite family — would be used because of its effectiveness as an
in-sit; permeable battier material for uraniura and other radmnnchdﬂs (Cantrell et al. 1994), It was
aiso assumed o be used because it has been successfully employed as an jon-exchange material to
remove radionuclides such as strontium and cesium from wastes produced in the reprocessing of
nuclear fuels. The specific choice of treatment media would be determined during the remedial

design phase through literature reviews and possibly bench-scale or pilot-scale testing.

A suboption of this alternative considered the use of zero-valent iron as the in-situ treatment
media. Recent studies have indicated that zero-valent iron has the capability of remediating both
metals and nitroaromatic compounds in groundwater (Cantrell =t al. 1995; Agrawal and Tratnysk
19963, Zero-valent iron wouid be placed in a trench in the flow path of contaminated groundwater.
The barrier would permit groundwater to pass through while precipitating reducible metal such as
uranium and selectively degrading nitroaromatic compounds. A rough order-of-magritunde cost
estimate developed on a preliminary design using zero-valent iron indicated a relatively high capita
cost on the order of $21 million to $30 million, primaily becanse of the high cost of zero-valent iron
(curvently around $372/net ton, including the shipping container {Bryda and Mortis 1997]). This
suboption was not pursued further because it provides the same degree of protection as the
chnoptﬂuhm at an order of magnitude higher cost.

A permeable barrier, 1.2 m (4 ft) wide by 610 m (2,000 ft) long (see Appendix C), was
assumned to be located north and east of Femme Osage Slough to contain further spread of
contaminants to the slough. (The proposed focation of the in-situ treatment system is similar to that
shown in Figure 3.2 for the interceptor trench conceps.) On the basis of cross-sectional data showing
the depth to bedrock as a function of distance from the slough (DOE 1998b}, an average depth of 9 m
(30 ft) was applied. in this analysis. The actual location, size, capacity, and depth of the in-situ
treatment system would Se determined during the reredial design phase, at which time
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kydrogeologic characteristics (permieability. thickness of the aquifer, and depth of the affected

- groundwater} and delineation of the cﬂnm:runant plume would be taken mm account .

This ana]ysis assumed a continious treaiment _wal] that would stand as a permeable Earrier
to the groundwater’s natural flow and that would nox redirect the groundwater. When a permeable

barrier is combined with cutoff walls, such as sheet piling or slurry walls, the design is catled a

funnel-ané«gate system. In this aangement, a low-permeability cutoff wall diverts and funnels
groundwater through the higher-permeability treatment wall in a V shape. A funnel-and-gate system
might be-more effective because of the increased velocity, which would reduce the amourit of
required sorbent. However. the redirection in groundwater flow would require a solid barrier at the
botiom of the treatment wall for the funnel-and-gate system (Appleton 1996), which wouid be
difficult 1o construct given that the bedrock in the area of the slough is fracrured and has an uneven
surface. Also. the duration of the in-situ treatmeni (rnore than 200 years [Appendix B}) would

- pteclude the potential tse of the lowcr-cost sheet piling (due to metal corresion), which wowld

reduce any potential cost savings associated with the funnel-and-gate system. The need to consider
& funnel-and-gate system would be defined during the remedial des;gn phasc when detailed
sequencing and implementation plans would be prepared.

A permeable treatment barrier would be constructed by excavating a trench that would be
shored up by sheet piling. The trench would be excavated to a greater width than the treatment bed
te accommodate bracing and excavation equipment. |t was assumed that a portion of the material
excavated from the trench would be reused as backfili in the trench. Sealable joint shees piling would
be-used 1o reduce groundwater infiltration inte the trench during excavation. (A slurry wall was -
considered for containment purposes, but it would be more expensive than sheet piling and couid
not be removed after construction to allow natural groundwater flow through the permeable barrier. )

Once the piling was driven and reinforved. the trench would be excavated and the treatment
media emplaced. (The trench would typically be excavated about 0.6 m {2 ft] below the required .
depth in order to key in the wall to the underlying bedrock.} A 0.3-m (1-ft) layer of pea gravel would
be placed around the treatment media to filter out particulates that would tend to foul and reduce the
efficiency of the clinoptilolite media. The volume of treatment media would be selected such that
it wonld span the height from the bottom of the fill to the beight of the water table within the aquifer.
Additional treatmeni media would generally be added to account for seasonal ﬂucnmmns 1] th: _
water table.

A typical treatrment bed would be about 1 to 2 i (3 to 6 ft) thick — the exact thickness
would depend on many factors, including the type of contaminants and their concentrations, the
contaminants’ half-lives through the media, groundwater velocity, and treatment duration. This
apalysis assumed a 1.2-m {4-ft} thick permeable barrier consisting of 0.3 m (1 ) of pea gravel for
filtration purpeses and a - (3-ft) thick wali of the clmopt:lnhl:e media (Appendix C). The thickness
of the clinoptilolite was determined by assuming an average uranium. coma:mnauon of 3,000 pCi/L




3.18 . | March 17, 1998

- in the inflowing groundwater, a r:qulrad 9% capmrc within the pc:mcable barrier {to achieve a -
uranium concedtration of 30 pCivL in- the' putflowing groundwater). & groundwater- flow tate of
0.6 1/5 (10 gpm) twhich is based on the approximate discharge from the upper portion of the bedrock
system given in DOE [1998b}). and an adsorptive capacity of 84 pCi of uranium per gram of e
clinoptilolite media (Morrison and Spangler 1992). The clinoptiolite would adsorb uranium for a

‘period of approximately 14 years befure rcplar:ement wauld be necessary {(see Appendtx C}

The weatment wall would be capped to reduce erosion and mﬁltnltmn of precipitation and
to provide a protective baier fayer.-Clean backfill would be placed over the cap layer, and the
excavated areas would be regraded and revegetated. The sheetpiling would be removed to aliow
natural flow of the groundwater through the permeable bamer A typical keyed-m pemable barrier
svstem is illustrated in Figure 3.5.. -

The effectiveness of & pmmcable barier systern is uncertain becayse of the potential joss
of reactive capacity over time. This analysis assumed that monitoring wells would be installed within
the treatment media to track the sorption of uraninm onto the clinopiilolite. Process monfioring welis
would be constructed by installing vertical pipes in the excavation before the media was emplaced.
*For this analysis, it was assumed that the process monitoring wells would span the depth of the
trench. The emplacement of media and packing (pea grave}) around the pipes would secirs the pipes

in place. Groundwater would be monitored at three colinear points as it flowed through the: -

permeable barrier: the first sample would be obtained at the front of the treatment bed, a second
sampie would be obtained midway through the treatment bed, and # third sample would be obtained
at the back of the treatment bed. It was assumed thiat water from these wells waouild’ be sarnpled
quarterly. :

Approximately 8,700 m® (11,400 yd®) of solids would be excavated because only a single
trench -would be required for ‘Alternative 5, as compared with the two trenches needed for™ .
Altemative 3. An approach similar to that identified for Alemative 3 would be used for mauagtmt
of the excavated materials.

The air would be monitored to detect airborne contaminants generated during remedial
activities and 1o permit implementation of appropriate mitigative measures. Long-term air monitor-
ing would be implemented following completion of ¢onstruction to ensure detection. of any p-ummml
airbome releases of contaminants due to failure of the mnmwnng wells..

The site would continue to perform environmental monitoring 1o the extent necessary to
ensure long-term perforrance of the system. The time required for in-situ treatment for Alternative 5.
is conservatively predicied to be at least 208 years (see Appendix B). '




ot e e e vl g W b A e ak . e e s it eyl

308 | March 17,1998 -

Parmaalie Tranmert Bad
{Clinoptitolite Media)

FIGURE 3.5 Schematic of Typical Keyned-ln Pet‘muhle Barrier System {Snnrm Modified from Marks
et al. 1994}

3226 Altematim 6: Groundwater Removal at Selected Arm,
w:tl: On-Site Treatment

_ Altemnative 6 would involve extraction and treatment of the quarry groundwater from
selected areas in the aguifer (areas of localized high contaminant leveis) to reduce the amount of
uraniuen that could potentially migrate toward south of the Femme Osage Slough into the St. Chales
County wel! field: This alternative combines active remediation in areas of high concentration with
the appruach applied in Afternative 2 for management of other areas of the contaminated aguifer
with lower concentration portions of the plume. In agreement with cutrent EPA guidance (EPA -
1996b; EPA. 1997), Ajternative 6 considers a phased respanse action; extraction and treatment would
be performed to reduce the mass of uranium within the alluvial aguifer, followed by long-term
meonitoring io demonstrate that natural processes could result in further lowering the uranium
concentrations in quarry groundwater. Monitoring via sampling and analysis of groundwater would
be performed during the action period at specified locations in order to verify performance of the
actions and that uranium concentrations south of the well field (including the well field) are still
protective of human health. The lung-term momtunng activity is similar to that described for
Altemative 2. .

. Figure 3.6 shows the estimated reduction in mass of uraniurn within the arez of the
contamninated alluvium achieved via this alternative, assuming a value of 5 mi/g for the partitionng
coefficient (K,) of uranium and an initial mass.of 1,200 kg (8 x 10 pCi) in the groundwater in the
area of the contaminated alluvium (DOE 1998b). Assuming that the groundwater extraction design
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flow rate of 1.3 L/s (20 gpm) can be achieved, approximately 8 to 10% of the initial uranitm rmass
is predicted to-be removed within the first two years of eperation. The actuak decrease in mass of
uranium in the contaminated alluvial aquifer may differ from that shown in Figure 3.6. depending -
on how representative assumptions are of field conditions. For example, although the K value of
5 mi/g is an actual field measurement, it may be representative of only the location where it was
measured. The use of this value for the whole area addressed, however, is expected 1o conservatively.
bnund the shortest remediation umc

As noted in Presumptive Response Straregy and Ex-Situ Treatment Technologies for
Contaminated Ground Water at CERCLA Sites (EPA 1996a), extraction and treatment may not be
the best method for addressing large. areas of a contaminated aquifer with heterogeneous (mostly
low) contaminant ievels. In these cases, the most appropriate approach for addressing the

contaminated aquifer may be extraction and treavment to reduce those plume areas with relatively - . -

high concentrations of dissolvéd contamination. Furmer for cortamination that exists ina shalow
portion of the aquifer, the use of imerceptor trenches can be more cost effective than extraction

wells. This is particularly true in strata with low or variable hydraulic conductivity. An interceptor

trench system is usually designed to cither intercept the downgradient flow of a contaminant, or it -

is placed. throughout the plume as a collection system. For this alternative, contaminated
- groundwater from selected areas in the alluvial aquifer north of the Femme Osage Slough would be
extracted using an interceptor trench. Remedsal activities implemented under this alternative include
groundwater removal using an interceptor trench located in 2 line between monitoring wells MW-
1016 and MW-1014, treatment of the extracted groundwater at either the QWTP or a portable
groundwater reatment facility, and release of treated groundwater via a permitted discharge point. .

The conceptual design of the groundwater removal system is similar to.that considered in
Alternative 3 {Section 3.2.2.3), An interceptor trénch approximately 1 m (3 ft) wide and about Sm-
(16 ft) deep composed of aggregate encased slotted HDPE pipe would be constructed north of the
Fernme Osage Slough in an area bounded by and encompassing wells MW-1014 and MW-1016, a
distance of approximately 340-m (1,100 £). (The hypothetical Jocation of the groundwater removal
system is shown in Figure 3.7.) The actual location, size, capacity, and depth of the interceptor trench
would be determined during the remedial design phase and would take into account hydrogeologic
characteristics (permeability, aguifer thickness, and deptit of the affected groundwater) and the
delincation of the gmundwater cmta:mnanon where the greatest concentrations of mfamum are
measured.

The maximum possible extraction rate for an interceptor trench with a length of 340 m
(1,100 fo) is estimated to range from approximately 0.6 to 1.3 Lis (10 to 20 gpm). Alternative § was
based on the assumption of an upper extraction rale of approximately 1.3 L/s (20 gpm} This
alﬂ:mau ve assumes that the on-site treatment plant [QWTP) would be available to treat the extracted
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FIGURE 3.6 Predicted Percentage of the Mass of Uranjum Remaining in the Groundwater in
the Area of the Contaminated Alluvium North of the Femme Osage Slough during Remediation

groundwater. (A description. of the treatment ::ﬁpal:ilitie's_ of the QWTP is -prev_idad' in
_ Section 3.2.2.3.) However. it may be possible that

the QWTP is either unavailable (dus 1o limited
design life or dismantlement 2s a result of other site-related activities such as those involving guarry

restoration). of that the low flow rate of extracted groundwater makes it uneconomical 1o operate and
maintain the QWTP. In this case, the extracted quarry groumiwater would be wreated ar a partabie
facility on-site. In both cases, the treated groumdwater would be discharged to a permitied discharge
point. Reinjection of the treated groundwater back into the aquifer was not considered feastble nor

desirable because of the low petmeability and porosity of the formation. Details on constructing an
interceptor trench are provided in Section 3.2.2.3. o

_ One major difference in desigh in Allemative 6, compated with Alternative 3, is the absence
of a slarmy wall because of the greater distance of the interceptor trench in Alemative 6 from the

Femme Osage Stough. If necessary, a 13<m (5-in.) thick HDPE liner on the cutside wall of the
interceptor trench was estimated to provide adequate

trength to maintain structural integrity to
ensure containment. The necessity for containment provided by the HDPE liner would be determined
during the final design, at which time the proximity of the interceptor trench to the Femime Osage
Slough would be taken into account. This analysis assumed that a total of six sumps would be placed
along the length of the interceptor trench to collect and remove the groundwater, on the basis of the
methodology provided in the French Drain System for Site Remediation (Naval Energy and
Environmental Support Activity 1990). The actual number of - sumps would be
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detertnined duting the final design, at which time the variation in the elevation of the top of the

_ bedrock would be considered. This analysis assurhed a passive system (i.¢., withowt groundwater

gradient control). with groundwater pumps included for the purpose of evacuating the sumps.

An area of approximately 0.4 ka (1 acre} would initially be cleared of vegetatjon to contain

" the intérceptor trench. About 2,100 m® (2,800 yd*) of material would be excavaied in the

development of the trench. For costing puzposes, this analysis was based on the assumption thai the

excavated solids would be brought to the chemical plant area at the Weldon Spring site for either

b

direct placement in the on-site engineered disposal facility or temporary stockpiling until placernent
could take place. These soils couid also be used for backfill in' the quarry. depending on the
contaminant leve). Wastewater generated during construction activities, such as trench dewatering
(on the order of 140.000 L 38,000 gal], on the basis of a total of about 1,600 m” [56,000 %]

excavated and 2 backhoe excavation rate of 100 m3h [130 yd*/h]), would either be stored and then

" wransported to the QWTP for treatment Ot be wrealed by the mobile treatment unit prior to release to

the Missouri River via the 10-cm (4-in.) QWTP PVC pipeline.

Work area monitors would be used during remedial activities such as earthmoving to assure
that cottaminant levels in the air-are maintained within established limits so that appropriate
mitigative measures could be taken if any airborne contamination was detected. The continuously

_operating air monitoring network that has been in place since 1986 at the WSSRAF 1o measure

jevels of gamma radiation. radioactive dust particles, and radon gas at the quarry fenee line would
be used to corpare measured levels to naturally occurring levels to determine whether additional
controls would be needed. Environmental monitoring would be continued to the extent necessary
to ensure long-term performance of the remedy. '

The drain within the interceptor trench consists of a 0.15-m (0.5-ft) perforated PYC
collection pipe surrounded by a gravel pack. This system also assumes a geotextile liner in the
collection trenches to prevent clogging and filling of the pipe with silts and sands. Replacing the
geotextile liner with a filter sock placed on the pipe or gradation of the gravel to prevent clogging
may be considered in the final design. Contaminated groundwater eaters the drain and flows by

. gravity to the surnps, Groundwater pusmps in the sumps deliver the contaminated groundwater to an

aboveground tank before being pumped to a treatment facility. A double-wall PVC pipeline wonld

. be constructad to transfer the water from the interceptor trench storage tank for treatment.

In the case in which the extracted groundwaier would be treated at the QWTP, a pipeline
would be constructed connecting the discharge of the interceptor trench with the QWTP. The
following text describes a typical scenario for the potential use of the QWTP. (Based upon the quarry '
restoration project, the QWTP could be modified, and the equalization basin may not be available,
in which case a tank would be used for storage prior to batch treatment at the QWIP). Groundwater
would be pumped from the interceptor trench to the existing equalization basin at the QWTP, The
equalization basin serves as a reservoir to provide consistent flow and uniform contaminant
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- concentration at the QWTP. The water then goes to the QWTP for & series of reatment processes
{0 reinove uranivm, nitrates. and other chenuca! contarminants (see Section 3.2.2.3). The QWTP
would be operated on a campaign mode. that is. whenever the squalization hasm would contain
sufficiens groundw ater for conunuous operatmn of the water trcment ProCess.

Portable treaiment units would be used 1t‘ the QWI'P was unavailable. A number of mebile
treatment options are avaiiable, including fixed, skid-mounted systerns and irailer-enclosed systems. -

A trailer-mounted unit was assumed in this analysm to facilitate ease of transportation of the unit to

‘the area north of the Femme Osage Slough and to aflow removal of the traﬂar-mﬂunted system in -

the event of flooding of the Missouri River in the mgmn of the quarry

- The pena.bie groundwater treatment faci]it:,r wc-uld consist uf one or more traifer-mounted
treatment modules (Shropshire et al. 1993). Each traiter would be standard roadway size: 2 m (8 f5}-
wide by 12 ar {40 ft) tong. The portable rreatmerit modules would be dispatched from & licensed off- -

site contractor’s home office to the Weldon Spring site by a licensed commercial shipping firm.
Once on site, the portable treatment modules would be set on pads equipped with secondary

containment. The portable treatment moduies would be interconnected to form an imegrated
treatment facility, and utilities such.as service water aid- electric power would be attached.

Preoperational checkout and safety checks would be performed prior to full-scale operations,

Figure 3.8 is a preconceptual process flow diagram for groundwater treatment using
portable units. (The system described here is primarily for purposes of illustration {to belp the reader
understand what would be involved in treating groundwater using portable units]; it is not inteaded
as a final or definitive treatment system. Other treatment procssses or system configurations could

be used, provided shey are capable of cost effectively achieving the required efflvent concentrations.).

The treatment capebilities of the portable unit would incude sedimentation, filtration, chemical
treatment, and ion exchange. The nominal treatment capacity of the portable units would be 1.3 Lfs

(20 gpm)}. Concentrated waste sludge generated by the groundwater treatment process would be .
dewatered, stabilized by cementation, packaged, and shipped off-site for disposal. Spent treatment
media (e.g., exhausted mn-ex:hange resin and spent activated carbon) would be cement stabilized

and managed, consistent with current site practice. On the basis of a maximum possible extracuun
raie of 1.3 L/s (20 gpm), continuous removal {8,760 hours per year), and.a density of 1.8 gfcm

(112 1b/%) for the solidified wasie (Shropshire et a}. 1995), the annual amount of stabilized spenl
resin and spent carbon genérased during waste watez treatment is estimated to be approximately 5 m

(200 ft3). Any spent resin and carbon generated following closure of the on-site disposal facility
would be packaged for off-site shipment and disposal. Assuming packaging in a standard 55-gal
drumn and truck transport, less than one annual off-site shipment to a licensed disposal facility would
be required. The maximum radioactivity-of the groundwater treatment residuals for this slternative
would be similar to that generated for Alternative 3 (on the order of about 200 pCi/g of uranium}.

.

i
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The treated water from the portable facility would be tested to verify that the t.reatrmtms had
reduced contaminant concentrations to pernissible levels and to confirm compliance with discharge
requirements. Treated water meeting these requirements weuld be discharged into the Missouri
River.: ' ' '

Al the end of the treatment campaign, the modules would be decontaminated by treating
all waste through the porable facility and completely flushing and draining each piece of equipment
that has been in contact with the groundwater. Waste generated during decontamination would be
treated and disposed of as required. After decontamination, the interior and exterior of the poriable
units would be assayed and inspected before disassembly and removal from the site.

After construction of the interceptor trench and (if necessary) associated groundwaler
treatment system. the two systems would be carefully ; roobitored or a regular basis and their
performance evaluated. Opefition and ‘fonitoring for a period of up to two years would be
conducted to collect sufficient mformatmn to determine. performance of the remedial action. The
performance of the proposed remedy wouid, therefore, be evaluated after W0 YEars to COMmpare
anticipated with actual resuits {actual performance in the field may vary from thar assumed during
design, given uncertainties about subsurface geology prior to construction and gperation}, to identify -
any potential deficiencies in the remedy’s protectiveness; and to identify opportunities 1o optirnize
its performance. {The period of extraction and treatment for Altemative 6 is conservatively predicied
1o range from 50 to over 3,000 years o achieve a final uranivm cleanup limis of 30 pCi/L within the
quarry alluvial groundvwater, on the basis of the observed range of 2.5 to 50 ml/g for the pantitioning

coefficient [Ky] in the aliuvial aquifer north of the Femme Osage Slough and remediation of the
contarninated groundwater contained between the interceptor trench and monitoring wells MW-1(48 -
and MW-1005. This duration is governed by the natural groundwater flow within the alluvial aguifer
and the contaminant concenirations. The predicted uranium concentrations collecied by the
interceptor irench as a function of time are provided in Table 3.t and are based on a K of 5 mL/z.)

3.3 CRITERIA FOR SCREENING ALTERNATIVES

As defined in the NCP, the development and screening of remedial alternatives should be
guided by three criteria: effectiveness, implementability, and cost. Effectiveness focuses on {1)ythe
degres 10 which an alternative reduces toxicity, mobility, or volume through treatment; minimizes
residual risks; affords long-tern protection; complies with ARARs; and minimizes shor-term
impacts: and (2) how quickly it achicves protection. Both short-term and long-term effectiveness are
evaluatad, Short-termn effectiveness refers to the active remediation period when construction and
implerentation activities are performed, whereas Jong-term cffectiveness refers to the period after
the remediation activities have beet performed. '
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Implerpentability focuses - on the . . TABLE 3.1 Estimated Uranium
rechnical fedsibility and availability. of the Concentrations in Groundwater
technologies needed for an alternative and the Collected by the Interceptor
administrative feasibility of implementing that Trench Design Proposed for
alternative. Timeliness of implementation, Alternative §

potentiat interference with site operations, and —

potential future mainienance needs are also : Concentration of Usaniur

congsidered. ' ' . Time in Coilected Groundwater
' (yr) (pCVL)"

The cost criterion. considers construc-

tion costs and any long-term costs 1o operate LU 1.000
" and maintain an altemative. A general cost 10 470 to 1,000
 analysis is applied to identify alternatives that w0 31010830 -
are significantly more costly than “other 30 220 wi 640
alternatives that can achieve the same level of 40 160 to 530
risk reduction (EPA 1988b). Costs considered G 120 10 430
60 90 to 340

in this screening process are only approximate; .
an alternative is screened out if it-would be 70 0o 270

clearty an order of magnitude more expensive 80 5010 220
than other. alternatives providing the same 20 4010 170
degree of protection. ' __lDﬁ " 2000 140
| 3 The range was estimatéd on the
: s basis of the location within the
- 3.4 SCREENING OF PRELIMINARY assumed plume (see also
ALTERNATIVES . Appendix B).

3.4.1 Alternative 1: No Action

Alternative 1, which would involve no passive oF active response action, is described in
‘Section.3.2.2.1. The No Action Altemnative provides 2 baseline for comparison with the other
alternatives. : . '

3.4.1.1 Effectiveness

Alternative 1 would provide no reduction in the risk to human health posed by the cofitami-
nated groundwater, other than through natural processes, including reduction of the nitroaromatic
compounds by biodegradation and attenuation of the uranium by sorption in alluvial sediments,
precipitation, and dilution of the contaminated groundwater with uncontaminated groundwater from
_the Missouri River. Alternative 1 would altow for the possible continued migratien of the




3-28 ' March 17, 1908

contaninant plume and potential further degradation of the groundwater within the quarry and the
land just south 6f the quarry and north of Femme Osage Siough. No reduction would occur in the
toxicity, mobility. or volume of the contarninated groundwater through treatment. No. short-term
impacts wouid occur to the public, workérs. or the environment during construction or
implementation because no remegial action would be conducied. Under current conditions, the
groundwater north of the sloiigh poses no imminent risk to human health at the St. Charles County
weil field or the environment south of the slough. However, protection of human health and the
environment in the extended future muld not be ensured because all investigative and momtunng
activities would end.

3.4.1.2 Implementability

No implementability concerns would be posed by Aliernative | because noaction would -~ ¢
be taken nor would any future activities be considersd. Nc- technologies or management strategies '
would be impiemented, nor would any permits, licenses, or appravals associaied w:th undertakmg
a rernedial action bé nteded

31:4&1 i3 Cﬂﬁt :

" No net present worth, capital, or annual O&M costs are associated with the No Action
Alternative because no activities would be undertaken.

3.4.2 Alternative 2: Monitoring with No Active Remediation

_ Alternative 2 would involve the implementation of routine sampling and analyses to -
monitor the possible continued migration of the contaminant plume and the imposition of ;
institutional controls to prevent the potential use of the contamninated groundwamr This alternative !
is described in Section 3. 2212

3.4.2._1 Effectiveness

Alternative 2 might be protective of human health and the environment over the long term,
and unlike Alternative 1, monitoring activities by DOE under Altemative 2 would be used to provide
data to identify any potential future plume migration. These data could also be used to determine
any variations in local geochemical conditions (such as Eh and pH) that could adversely affect
removal of the contaminants from the groundwater by precipitation, biodegradation, and other
natural means. Such activities would verify whether uranium concentrations are decrsesing through
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natural processes and whether uranium concentrations at the 5t. Charles County well fiefd ace still
sroective’ of human health and the eavironment. Contingency measures would be considered if
future further migration of residual contamination resuited in unacceptable exposure concentrations
at the- St. Charles County well field. On the basis of the results summarized in Section 1.3,
unacceptable impacis 1o human heaith and the environment would not be expected 1o oecur.

The potential short-term environmental impacts associated with Altemative 2 would be the
lowest among any of the action altemnatives. Shori-term impacts would primarily be the physical
hazards to workers during construction and operation of monitering wells, minor criteria pellutant
emissions during any construction activities, and disturbance of soil and resulung airborne dust
emissions. Appropriate mitigative measures would be enacted during construction and operations
to protect workers and members of the pubiic. Aijr would be monitored to ensure that the controis

' were working. Protective equipment would be.used, and dust suppression methods would be epacted . -
" to'minimize short-term'isks to wotkers. : S

For Alternative 2 to remain effective over the long term, careful consideration would have
to be given to monitoring, maintenance, and control. A time frame of about 100 to 1,000 years wovld
be expected for the uranium concentrations to decrease 1o 30 pCi/L. and lower, primarily because of
the natural processes that are expected to occur. Because this alternative would result in
contamination remaining on-site 8t concentrations above levels that allow for unkimited use and
untestricted exposure, a review wouid have to be conducted at least every five years to enswre that
the remedy continued to provide adequate protection of human health and the environment.

Alternative 2 would not satisfy the statutory preference for treatment as a principal element
of remediation, and there would be no reduction in toxicity, mobility, o volume of the contaminared
. groundwater through treatment. Residual contamination would remain high in the short term;
however. the concentrations of contaminants in the area of the quarry wounld be expected 1o decrease
with time because of the removal of the original seurce of comtamination (i.e., the bulk waste) fiom
the quarry and because of reduction and dilution processes. ' '

3.4.2.2 Impiementability

Few implementability concerns would be posed by Alternative 2 because of the limited
actions required. The proposed monitoring would provide warning of failure before significant
exposure occurred. Therefore, taking additional actions prior to sighificant exposure would be
relativeiy easy to implement. - ' '

Monitoring of plume migration would also be relatively easy to implement. No special
equipment would be requited, and analytical procedures exist to determine the presence of ground-
water contaminants ¢such as uranium) in samples drawn from the monitoring wells. Construction
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of any proposed monitering wells would requise mobitization of a dnjimg ng for mstalla:mn, eight
wells were recently instailed to suppert the remnedial investigation of the quarry area (DOE 1998b).
* Resources required for maintenance of the existing and any proposed groundwater monitoring
svstems should be readily av ailable. New permits for installation of the proposed gmundwater
mommnng u.clls would be requlred to implement Alternative 2.

3.4.2.3 Cost

The astimated cost of Alternative 2 is relatively low: it would be the least expensive of all
the action alternatives. In general, eXpenses associated with institutional control and monitoring
would be low. Capital expenses would include the construction of any proposad monitoring wells
and the routine r:piam-'nent of existing -equipment for groundwater monitoring. Given the: low

‘replacemnent costs compfnrcd with ﬂ:tccﬁpltﬂ cust for monitoring well instaflation, the cost of routine
‘equipment replacement was not considered. On the basis of this preconcepual design and the
application of cost factors specific to the Weldon Spring site for indirect activities (Hood 1997), the
capita] cost of Alternative 2 is esnmmd tobe appmxrmatel}’ $0.15 millien (Appcndu E).

Annual expenses would be incurred formc groundwater monitoring program. The annyal
cost of operating the proposed monitoring wells was estimated on the basis of the current costs for -
the existing monitoring well network. ‘The annual O&M cost is esﬂmmd 1o be about 30.6 million.
Per EPA guidance, the annual costs were discounted to a current value using a discount eate of 7% -

" . (before taxes and after inflation) (EPA 1993b) and a time period of 30 years (EPA 1988a). The

30-year present worth of Alternative 2 is estimated 1o be nppmxmmely $7 miliion, wh:ch is the'
lowest of all the action alternatives. . .

The costs associated with potential future actions {¢.g., in the event that nﬁgrﬂiﬂn of
residual contamination resulted in unacceptable exposure concentrations) were not quantified,.
because the uncertainty associated with these future activities precludes accurate cost assessment.

3.4.3 Alternative 3: Groundwater Removal with Ou-Site Treatment
Alternative 3 would intvolve the extraction of contamineted groundwater with interception -

trenches and treatment of the water on-site at the nmsung QWTP or a similar facility (see
Section 3.2.2.3). : '
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3.4 3.1 Effectiveness

Altemame 3 would protect human health and ihe environment by remedmmg the
contaminaed groundwater. U'pon completion of the remediation, the uranium concentration in the
groundwater within the quarry area: and the land north of the slough would be bejow the metric of
30 pCifL. In addition, contaminant migration south of the slough would be largely halted upon
implementation of this altemative, and any potential for future large- -scale contamination of the .

" S1. Charles County well field would be effectively prevented. Aliernative 3 would be expected 10
 attain all contarninant-specific :md actmn-spemfic ARARs when remediation was ::nmpictc N

Adternative 3 would reduce the volume of CONtAMInants through rearment and would afford |
long-term prc:-tecucm Afte: cnmpt:tmn of remediation, no lung—tcrm action would be requmd

The pcn:mmi shnn-’t:nn u-n.pacts assumxed with Altematwe 3 would include the physu:al g
nazards to workers during construction of the interceptor trench and slurry wall systems and during
operation of the extraction and treatment systems. Other potcnt:tal short-term impacis would be
associated with criteria pollutant emissions (e.g., carbon monoxide [CO), aitrogen oxides [NO, ], and
sulfur oxides {SO,]) resuiting from construction activities and airbome dust emissions resulting from
soil distarbance during site clearing, trench excavation, and regrading. Appropriate mitigative
measures would be taken during construction and operations to protect workers and members of the
general public. Engineering controls, such as spraying water for dust suppression, woukd be used 10
minimize short-ierm risks to the public, and air monitaring would be used 1o ensure that the controls

were working. Protective equipment would be used for waorkers, and dust suppression methods -

would be enacted to minimize short-term risks. The short-term impacts of Alternative 3 would be
the highest among ali alternatives.

Under Alternative 3, it is esumated that at least 200 years or more of remediation would be
required to achieve remediation goals (i.¢., a tranium concentration of 30 pCi/L in g:roundwal:r] {see
Appendix B). The uncertainty regarding the projected geochemical properties of the contamipants
within the groundwater system might, however, preciude being able (o adequately. r.xuact the

* contaminants 10 attain accepiably low conuntratmns

3.4.3.2 Implementability

The proposed groundwater extraction technology for Aliemnative 3 has been widely used
and found reliable if the system has been properly constructed and maintained. However, a number
of implementabilicy concerns would be posed for this applicatien. For example, difficulties would -
exist regarding trench construction because the required trench depth would be greater than 1.5
(5 ft). This would necessitate taking extra precaution pursuant to curreat Occupational Safety and
Health Administration {OSHA} requirements for avoiding petential failure of wrench walis.
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Reinforcement. anchcrnng and dcwalenng during constniction tmight be necéssary. At the guarry
area, the figé- grmned alluvium consists of silty clay and clayey silt. whereas the coarse-grained
. subsurface materials consist of fine-grained to medium-grained sand with some silt: these materials .
grade with dcpt.h 10 coarse-grained sand with cobbles and boulders (DOE 1998b). As with all.
excavation techniques. the presence of large rocks (boulders) and cobbles in the underlying lithology
‘would increase installation costs. Ia addition, such a condition might even prohibit installation of
the interceptor wench and slurry wall systems because the presence of boulders upstream of the
interceptor trench would result in local flow channehng '

No major difficulties would be anticipated fur maintenance of the groundwater extraction -

‘system or use of the existing QWTP over the short term. Howgver, the design life of the QWTP is
only 10 years (199220023, after which time, extensive maintenance would be required to continue
service beyond the design life (Vale 1997), Replacement of the slurry watl and/or interceptor trench
system m:ght be required because of the predicted extraction period of at least 200 years. -
- Groundwater monitoring would be required te track the progress and effectiveness of the ground-
water remediation program, Monitoring the treated groundwater prior to its release to the Missouri
River would also be required to ensure compliance with discharge limits in the existing NPDES
peTmt. ' -

In general, no special equipment would be needed to implement Alternative 3. However,
because of the underlying lithology at the site, detsiled studies might have to be conducted to
determine whether the interceptor trench and slurry wall systems could be constructed. The
proximity of the slough would make it extremely difficult to construet the i interceptor trench and
slurry wall systems. Resources should be readily available for groandwater monitoring and for
maintenance of product pumps and associated controls.

The interceptor trench technology can be considered to be a proven technology {Wagner
et al. 1986). Determining the required location for an interceptor trench is more often based on the .
use of field data than on theeretical design. To function properly, an interceptor trench should be
installed perpendicular 1o groundwater flow direction. Additional subsurface studies (borings) may
be required to determine the proper orientation of the trench, '

Tréatability studies may be needed to accuralei},r predmt the s:te-spmﬁc =ffa:tmnass and
total cost of filiration, ion exchange, precipitation, filter pressing, and other water treatment -
processes. Three tiers of testing may be undertaken (laboratory screening, bench-scale testing; and -
pilot-scale testing), depending upon whether the QWTP would be used for groundwater (reatment.
These studies may be needed during the remedial design phase 10 aid in the design or implementation
of this alternative and would be helpful in selecting among the various groundwater tman'nent
technologies and in improving reme:dy perfnmmnm (EPA 1997). .
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A major implementability concem for ‘Alremnative 3 is the active life of the QWTP, which -
is estimated t6 be about 10 years. Twenty equivalent plant lifetimes of reatment capacity or mors
would be required to meet the estimated treatment duration of at least 200 years. The technical
feasibility of this aspect of Aliemnative 3 appears unceriain. given the poteatial number of.
replacement facilities that would be required.

: Another major imptementability concern is the possibility of flooding. The land between
the quarry and the slough is subject to annual flooding; fleods have occwrred during the last-
three vears. The design for any aboveground equipment would have 10 consider hardening the facitity
or possibly the entire quarry area against the effects of floods so.that the chance of damage and
interruption of operations would be acceptably low. Instaliation of temporary flood barriers, removal
of equipment to protected areas, anchoring of vulnerabie items, or instaliation of sumps or
emergency pumps might be needed to mitigate the potential damage (o mission-dependent -
‘components and systemg, © T T - o e

New petmits ot licenses for on-site activities might be required 1o implement Alternative 3. -
The NPDES permit reissued on June 22, 1994, which allows the discharge of treated water to the
Missouri River, might have to be modified to include any potential additional contaminants
(2.g.. thailium) discharged from the treatment operations. '

Another potential implementability concern is the pmpoﬁcd location for the intercepior
trench, For this analysis, it was assumed 1o be situated notth of Fernme Osage Slough on land Jocated
in the Weldon Spring Conservation Area. The Jand near the slough is administered by the Missouri

Department of Conservation and the Missouri Department of Natutal Resources; permission from
these two agencies would be required before Alternative 3 could be impiemented.

Finally. the QWTP is cumently located on an easemment -within the quaity area.
Consideration is being given to dismantling and removing the QWTEP from its current location 10
allow regrading and closuse of the quarry. In this case, the QWTP (or similar facility) might be
relocated near the interceptor trench to treat the extracted groundwatet. Protection against flooding
would have to be provided if the QWTP (or similas facility) was locate<! near the intecceptor wench.
The relocation would require the approval of the Missouri Departments of Conservation #d Nagural
Resources. :

3.4.33 Cost

The estimated cost of Alternative 3 is greater than the costs of the other action aitmnaﬁvés.
On the basis of the preconceptual design, application of cost factors specific 1o the Weldon Spring
site for indirect activities (Hood 1997}, and the capital cost of replacing the QWTP when its design
life was exceeded, the capital cost of Alternative 3 is estimated to be between about 54 million and




- 334 o March 17, 1968

- 56 million {Appendix E). The capitai COST wau!d be pnmanly far the installation ot‘ the mterccpmr
trench and siusry wall,

Including the annual operating cost of the QWTP and continued groundwater monitoring.
the annual O&M costs are estimated to be between about 31 million and $2 million. The annual
0&M costs would be primarily for groundwater treatiment. Assuming a discount rate of 7% per year '
and replacement of the QWTP every 10 years, the 30-year present worth of Alternative 3 is ¢stimated
to be between about $17 million and 526 million, the hlghcst cost among all the action alternatives.

3.4.4 Alternative 4: Cnntaihmeut

Alternative 4 would consist of containment of contaminated groundwater with vertical

barriers. This containment vould be coupled with implementation of routine. sampling and analysis * -

to monitor the long-term effectiveness of the proposed action and with the imposition of institutional
controls to prevent the use of the contaminated groundwater. ‘Alternative 4 is described in
Section 3.2.2.4. :

3.4.4.1 Effectiveness

Alternative 4 would reduce the potential risk to huxpan health posed by the contaminased
groundwater by reducing the spread of contaminants fo potential expospre points and by reducing
the potential for any degradation of the groundwater used for public consmmnption. Contarninant '
migration south of the sjough would be largely halted upon implementation of this alternative. and
any potential future large-scale contamination of the St. Charles County well field would be
effectively prevented. Installation has been estimated -tp take approximately one to two years
{Appendix E). ' :

The effectiveness of Alternative 4 would depend on achieving complete continvity of the
vertical bamier with no high-permeability zones. Achieving this condition would require control of
any sidewall sloughing (and potential trench coliapse) during construction, which could result in
high-permeabiiity gaps in the slurry wall. Alternative 4 might be expected to become incresdsingly
ineffective in providing hydraulic isolation as the containmerit performance degraded with time
{Marks et al. 1994). Compatibility of the contaminant with the slurry wall is a major concern,
especially when the wall must be in direct contact with the contaminant. Certain chemical contami-
nants (i.c., those with low dielectric constants, high electrolyte concentrations, or high cation
valences [Gieasen et al. 1997]) can actually increase the permeability of a slurry wall. The .
compatibility of the contaminant with the proposed backfill would have to be verified early in the.
design phase through permeability testing of the proposed backfill material with groundwater from
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the quarry area. If necessary. Dthcr sturry mixruares would have o be developed if a soil-bentonite

- mixture would not be able o withstand direct mnt:u:t with groundwater contaminants at the QROLU.

Because_c]a*_«‘ soils (including bentonite) have an jon-exchange capacity for absorbing metals

*such as uranium. a slury wall might have some capacity for removal and/or retardation . of

radionuclides in gmundwatnr passing through the wail. A treatability study would be necessary to
determine the concentration of uranium exiting the slurry wall and the removal capacity of the wali -
(i.e:. the amount of uranium removed per unit volume of wall).

The putemmi shon-1erm impacts of Alternative 4 would include those associated wuh the
phmca] hazards to workers during construction of the slurry walt, Other short-term impacts would
be associated with criteria pollutant emissions resulting from construction activities and airborne
dust emissions resulting from soil disnurbance during site clearing, trench excavation, and regrading.

- Appropriate mitigitive measures. wauld be enacted during construction and operations to protect

workers and memibers of the general pubhc Engireering controls, such as spritying water to suppress
dust, woutd be used to minimize shori-term risks to the public, and air menitoring would be nsed
to ensure that the controls were working. Protective equipment would be used for workers, and dust
suppression methods would be enacted to minimize short-term risks. Fewer shori-term impacts
would result from Alternative 4 than from ﬁltaematiw: 3.

For Altemative 4 to remain effective over the long term, careful consideration would have

10 be given to long-term monitosing, maintenance, and control, Groundwater monitoring would be

required to track the condition and effectiveness of the containment barrier. Because Aliernative 4 -

would result in hazardous substances remaining on-site at concentrations above health-based levels.

a review would have to be conducted at least every five years to ensure that the remedy continued
to provide adequate protection of human health and the environment. '

Aliernative 4 does not satisfy the statutory preference for treatment as a principal element
of remediation, and there would be no reduction in toxicity, mobility, or volume of the contaminated
groundwater through treatment. Residual contamination-would remain high over many years, but,
as for the other alternatives, contamination would not be expected 10 migrate suhstantmlly toward
the production wells within 100 years.

3442 Ilnplem:ntaﬁﬂit}r
Slurry walls are widely used in remediation activities at other sites, but a number of unpte--

mentability concems would be posed by Altemative 4 at the QROU. Some difficulties asseciated
with trench construction would be similar to those discussed for Altemative 3 (Section 3.4.3.2). -
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_ - One potensiat concemn is the uno:namn of the long-terin performance of phys:cal barmrs
For example, the shury wail could potentiatly degraite or deteriprate with time. Another potential

concern is the ability of containment structures to key in to the confining lavers below the aquifer
* withour creating leaks in the formation, To maintain the integrity of the barrier. the laver underlyirig

the aquifer must be reasonabty free of How channels (National Research Council 1994). The top of
the bedrock in the area of the slough is fractured, which would make keying in of the slurry wall
difficult because of the uneven surface. The proximity of the stough would make construction of the
slurry wall extremely difficult. The implementability of Alternative 4 would depend on the
subsurface media conditions, and the final detailed design might have to be more conservative than
that presented in Section 3.2.2.1 to compensate for the unceriainties associated with cun‘ent '
knowiedge cancemmg those conditions. :

Groundwazer mc-mtunng would be required ro track the progress and effectiveness of the
containment walls. Active response measures-(such.as extraction with treatment at locations south .

of Femmie Osage Slough) might be considered if furure migration of residual mmanunmnn resulmd o

in unm:ceptabl: expusure concentrations due to failure of the mntamment system.

Construction of a soi!-bcnwnite siuiry wall wsuld be reiazively straighsfomard; the type
of equipment used would depend Jargely on the depth of the wall. No special equipment would be
required for depths of up to 15 m (50 ft). Specialists might, however, be needed to implement this
alternative. Although slurry walis have been used for decades, the process of designing the proper
* mix of wall materials to contain specific contaminants is less well developed. Excavation and
backfilling of the trench would be critical and would require experienced contractors (Marks et al.’
1994). '

Resouzces req:.iired for taintenance and Irlmnjmring should be r'e;id_ily available, As 2
passive barrier, a sluery wall would require véry lirtle maintenance. The-only requirement specific '
to the wall itself would be maintenance of the cap at the top of the wall.

Implementation of Alierative 4 might require obtaining new permits or licenses for on-site
activities from the Missouri Department of Natural Resources or Conservation for use of their land.
Transport of excavated solids from the site to the chemical plant area would require a short hanl
distance on Katy Trail. An access agreement between DOE and the Missouri Department of Natural
Resources would be needed for use of this trail. : '

3.4.4.3 Cost

The estimated cost of Alternative 4 is between the costs for Ahernatives 2 and 3. On the
basis of the preconceptual design and application of cost factors specific to the Weldon Spring site '
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for indirect activities (Hood 1997), the capital cost of Aliermative 4 js estimated to be gbout
$2 million (Appendix E). The capital cost would be primarily for installation of the shury wail,

The O&M costs are estimated to be about $0.6 nﬁﬂion.pe_r vear. The anoual Q&M costs _
would be primarily for groundwater monitocing. However, higher Q&M costs would be incurred if
it became necessary to provide hydraulic relief of groundwater buildup on the upgradient side of the

- barrier, Assuming a discount rate of 7% per year, the 30-year present wonth of Alternative 4 is

estirnated to be approximately $9 million, which is conadembl}r less than that for &hmauves 3

_and 5.

345 Alternative 5: In-Situ Treatment Using Permeable Barriers

.~ Altemative -5 would involve: in-situ treatment of contaminated groundwater using 2. -
permeable barier. Use of this bamrier would be coupled with the instatiation of monitoring wells

within the treatment media to track the sorption of uranivn onto the clinoptifolite. Alternauw.- 5is
described in Section 3.2.2.5. :

3.4.5.1 Effectiveness

- Alternative 5 woald protect hurnan health and the envircnment by remedisting the contami-
nated groundwater so that when the remediation was complete, the uranium concentration in the
groundwater within the quarry area and the land north of the slough would be below. 30 pCiL. n
addition, contaminant migration soush of the siough would be largely halted, and any potential fature
large-scale contamination of the St. Charles County well field would be effectively prevented.
Altemative 5 would be expecied to atmn all omtammmt—spemﬁc a.nd mmn»specaﬂc ARARs when

. rernediation was complete.

Altemative 5 would reduce the volume of contaminants through treatment and would afford
long-term protection. To maintain the effectiveness of this aliernative, a Jong-term action involving
excavation and removal of the spent treatment media would be required afier the remediation was
completed.

The short-term i lmpacts of Altemative 5 would include those associated wlth the phymcal
hazards to workers during construction of the permeable barrier system and operation of the
monitoring systern. Other short-term impacts would include criteria pollmm emissions resulting
from construction activities mdmrbomedustcrmsmunsmumgfromm disturbance during site -
clearing, trench excavation, and regrading. Appropriate mitigative measures would be enacted during
construction and operations to protect workers and members of the general public, Engineering
controls, such as spraymg water for dust suppression, would be used to minimize short-term risks
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to the public, and air monitoring would be used to ensure that the controls were wwhng _Pwmtiﬁ
squipment would be used for workers, and dust suppression methods would be enacted to minimize
short-serm risks. The short-term impacts of Altemative 5 would be similar to those of Altsrative 4.

Ik is estimated that Alternative 5 would require up to 200 years or more of remediation to

- meet the metric of 30 pCVL for uranivim. Achieving acceptably low concentrations under this

- alternative might be precluded because of the uncertainty of the longevity and performance of the

. leeatment media under actual operating conditions due to grovsdwater conditions that muld cause
plugging or fouling of the treatment medm, thus rendering the media meffecuve

3.4.5.2 Implementability

Mtemauve 5. poses: a number of implementability concerns, including a major issue. .

associated with the lack of full-scale implementation for in-situ treatment of uranium: using
permesable bariers. Eight lab-scale and pilot-scale studies have been identified for in-situ treatment
of uranium (Horstmann 1997) on the basis of data collected by the Groundwater Remediation
Technologies Analysis Center. The technical immaturity of this technology raises quesuons
- regarding the implementability of AJternative 5.

Similar difficulties exist with trench construction unhder Alternative 5; as dm:ussed for
Mt:matwe 3. Another potential concern is the ability of containmen: fearues to key in to. the
confining layers below the aquifer without creating leaks, because the bedrock in the area-of the
slough is fractured and has an uneven surface. Also of potential concern is the uncertainty of the
long-term performance of permeable barriers, primarily because groundwater conditions such as
biclogical activity at any given site conld cause plugging or fouling of the media, therehy affectmg
the useful Jife of the reatment media.

The site hydrology and groundwater contaminants could lead to premature exhaustion of
the treatment media before the contaminant plume was fully remediated. (Studies have demonstrated
that the presence of common groundwater cations, such 2s calciom and magnesium, can reduce the
absorption capacity of clinoptilolite [Freemnan et al. 1986].) In such a case, the spent media would
have to be excavated and replaced. The long-term effectiveness of Alternative § would depend in -

large part on subsurface media conditions. The final detailed design might have to be more
 conservative than that presented in Section 3.2.2.5 to cornpensate for the unceriainties associated
with these conditions.

The adsorption reaction between uranium and clinoptilolite that takes place in the
‘groundwater depends on several parameters, including pH, oxidative/reduction potential,
concentration of other contaminants that may prematurely degrade the clinoptilolite, and kinetics.
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' “Irestability stugies using site-specific data would be necessary o determine the patential for

successful application of this alternative.

Construction of a.permeable barrier would be a r:lawely smightfmwafd process; the type

of equipment used would depend largely on the depth of the wall. For depths of up to 15 m (50 f1),

no special equipment would be required. However, specialists might be required to determnine the
proper mix of wall materials for containment of specific contaminants. Excavation and backfilling
of the trench would be critical and would require expenm:od vontractors (Marks ¢t al. 1994). '

Resources required for 'ma_imman&e and mmonitoring should be readily availsble. As a

passive treatment measure, 2 permeable barrier would requite very litde maintenance. The only

specific requirement associated with the - barrier would be maintenance of the groundwater

. monitoring wells. - - SR

Enplementation of Aliernative 5 might require obtaining new permits of licenses fof on-site
activities from the Missouri Department of Natural Resources or Conservation for use of their land.
Transport of excavated solids from the site to the chemical plant area would require a short haul
distance on Katy Trail. This activity would necessitate. an access agreement between DOE and the - -
Missouri Department of Naturat Resources. :

3.4.53 Cost

. The estimated cost of Alternative § is comparable with that of Aliemative 4. Because of
lower O&M costs, in-situ treatmient using permeable barriers has been reported o offer cost savings
compared with active groundwater rerediation techniques such as conventional pump-and-ireat
systems (DOE 1994a). On the basis of this preconceptual design and application of cost factors
specific to the Weldon Spring site for inditect activities (Hood. 1997), the capital cost of
Alternative 5 is estimated 1o be about $8.5 mittion (Appendix E). The capital cost would be primarily

for instaltation of the pqrmeablu barrier.

The O&M costs are estimated to be about $0.7 million per year, primarily for groundwater

 monitoring. Assuming a discount rate of 7% per year, the 30-year present worth of Altenative 5 is
' estimated to be $21 million, which is significantly more than the estimated cost for Alterative 4 and

cofnpnrabl: to that for Aliernative 3.

3.4.6 Alternative 6: Groundwater Removal at Selected Aress, with On-Site Treatment

Altemative 6 would involve extracting the quarry groundwater from selected masm the
aquifer (areas of localized high contaminant levels) using an interceptor wrench and treating the
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~ extracted. groundwater on-site at either- th: existing QWTP or a ponahle treatment famhty (see
Section 3.2.2.6).

3.4.6.1 Effectiveness,

Alternative 6 would result in a reduction of the mass of uranium that could potentially
migrate to the downgradient $t. Charles County well field. Alternative 6 would reduce the volume
of contaminants through treatrment and be protective of human bealth and the environment over the
long term. Unlike Alternative 1, monitoring and investigative activities by DOE under Aliernative 6
would enable the identification of any potential future plume migtation and any vaniations in jocal
geochemical conditions (such 2s Eh and pH) that could adversely affect removal of the contaminants
from the groundwater by precipitation, biodegradation, and other natural means after the conclusion

‘of groundwaler extraction and tréatment. Such activities would ensure that the remediation goals of

providing further protection of the SLCharl:sCOtmtywellﬁcldwcremetandthatt}mcnnmmmt
distribution in the water-bearing zone was tracked. Contingency measures described in the Well
Field Cammgency Plan (DOE 1998¢) would be considered if data indicate that potential
unacceptable exposure concentrations would appear at the St. Charles County well field.

_ Unacceptable impacts to human health and the envirenment would not be expected to oceur, on the

basis of indications from monitoring data obtained for the last 10 years (see Section 1.4).

The potential short-term impacts assacisted with Alternative 6 would include the physical
hazards to workers during construction of the interceptor trench and associated facilities (e.g., the
pipeline connecting the intercepror trench with the QWTP) and during operation of the extraction
and treatment systems. Other potential short-tecm impacts would be associated with criteria pollutant
emissions {e.g., CO, NO,, and 50,) resulting from construction activities and airborne dust

emissions resuiting from soil disturbance during site clearing, trench excavation, and regrading.

Appropriate mitigative measures would be taken during construction and operations to protect
workers and members of the general public. Engineering controls, such as spraying water for dust
suppression, would be used to minimize short-term risks to the public, and air monitoring would be
used to ensure that the controls were working. Protective equipment would be used for workers, and
dust suppression methods would be enacted to minimize short-term risks. Fewer short-term impacts
~ would result from Alternative 6 than from Alternative 3. : '

For Alternative 6 to remain effective over the Jong term, careful consideration would have
to be given to monitoring, maintenance, and contrel. A time frame of about 100 to 1,000 years would
bcexmdfmmeummmmmmmprﬂmdhwﬂ,pummiymof
the natural processes that are sxpected to occur. This alternative would result in contarnination
remaining in the groundwater at concentrations above levels that atlow for unjimited use and

unrestricted exposure. Conscquénﬂy,amiewwmﬂdhammbecondumd at least every five years
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. to ensure that the remedy continued to provide adeguate protection of human health and the

environment.

Alterative 6 satisfies the statutory preference for treatment as a principal element of |
remediation, since there would be a reduction in the toxicity, mobility, or volume of the

.contaminated groundwater through treatment. Aress of high residnal contamination would be

remediated under Alternative 6. The concentrations of contaminants in the area of the quarry would

" be expected to decrease with time because of the removal of the original source of contamination

(ie., the bulk waste) from the quarry, the planned quarry restoration activity (which is expected 1o
prevent further infiltration of uranium present in the quarsy fissures), and because of attenuation of

uraniumn by sorption and redox mechanisms nosth of the slough and dilution with water infiltrating

from the Missouri River within the coarse-grained materials south of the slough.

~ .. The uncertainty of the projecied geochemical properties of the contaminants within the = . -
- groundwater system might, however, preclude being able to adequately extract the contaminants and

+0 attain lower concentrations. (The collection of water samples in certain areas of the quarry aliuvial
aquifer north of the Femme Osage Slough has required a period of several days to collect only as
much as one liter of groundwater.) Performance data during the extraction and treatrnent phases

“would be used 1o assess the likelihood of restoring gronndwater to established cleanup levels

(i.e., the restoration potential).

3462 .Implenmntahility

Similar difficulties exist with treach construction wnder Altemative 6 a5 discussed for
Alternative 3. Another potential concern is the ability of containment features to key in to the
confining layers below the aquifer without creating leaks, because the bedrock in the area of the
slough is fractured and has an uneven surface. '

No major difficulties would be anticipated for maintenance of the groundwater extraction
system or use of the portable units for groundwater treatment. The groundwater treatment
technologies identified in Section 3.2.2.6 are generaily able to wreat & wide rangs of contaminant
concentrations, are available fn off-the-shelf versions {i.c., require only & short lead tire for
procuirement), have a short on-site startup time, are relatively simple to operate, and are available in
easily transportable units (EPA 1996b). Portable units for groundwater tregtment are generally
available for flow rates between approximately 0.1 Ls (1 gpm) and 160 L/s {2,500 gprn), which
enmmpnssthepmposedgmnndwatertmmmofﬂ.ﬁtu1.3Us(lﬂtu2l}gpm}.ﬁ4-to5-11=_

(60- 10 75-gpm) mobile waler treatment plant was opetated by the DOE during the 1990s for -

wastewater treatment in the Uranium Mill Tailings Remedial Action (UMTRA) surface remediation
program (DOE 1992). Similar units are available from commercial vendors.
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Groundwater monitoring wonid be required 10 track the progress and effectiveness of the

groundwater remediation program. Mmmgmmmdwwmwmwhmmﬂu

Missouri River would also be required to ensure mmphanoc with dasclmg: }umts i the ex.tstmg-" .

NPDES permiit.

* In general, no specidl equipment would 'bc needed to iinplé:mm Allernative 6. Use of
equipment for single-pass trench construction may, however, be considered because of the potential

for cost and time savings. Resources should be readily available for groundwater monitoting and for -

maintenance of groundwater pumps and associated controls. The interéeptor trench technology can
be congidered to be a proven technology (Wagner et al. 1986). However, because of the undetlying
lithology at the site, detailed studies might have to be conducted to determine whether the interceplor

trench sysiem could be constructed as proposed in this altémative. Determining the required jocation

-for an interceptor trench is mnrenﬁmbasedonth:useofﬁelddmmmmﬂmhcﬂdmgn To

function propetly, an- interceptor el should be installed perpendicular to’ groundwater fow
direction. Additional subsurface m (borings) majr be mqmred 10 determine the proper

orientation of the tmmh

; Tre:atablhry smdies may hr. needed to accurately prcdn:t the site-specific eﬁemvms and
total cost of filtration, ion exchange, precipitation, filter pressing, and other water treatment
processes. Three tiers of testing may be underiaken (laboratory scteening, bench-scale testing, and
pilot-scale testing), depending on whether the QWTP would be used for groundwater treatment. If
a portable unit becomes necessary, these studies may be needed dunng the remedial das:gnplme
to aid in the design or implementation of this alternative. Such studies would aiso be belpful in

selecting among the various gmmldwntgr treatment technologics and i improving remedy performance

(EPA 1997),

o Ama;orunplemtab:htymmfon&hmaﬂveﬁmﬂmmuvehfe of the QWTPmdﬂm_- _
portable treatment unit. The design life of the QWTP is 10 years (from-FY 199210 2002). In-

FY 2002, nmnmvemmnmmwﬂlbamqmmdmmdermmmmmdﬂndemgnhﬁe
(Valett 1997). The operating life of a typical portable wastewater treatment system can range from

5 (Shropshire et al. 1995) to 35 (DOE 1992) years, dupmmngmﬂwtypenfopuaﬁun{huchmms'_

continuous) and aggressivencss of treatment (service life is longer for less mmpln treatment
technologies such as filtration). Gmndwmmammﬂsmgﬂwquwm maynnthe
emnonncal and may require repimemeut of the entire facility.

Asecundma;mmp}emmb:htycmmwthepotmuﬂimpMofﬂnQWTPunthe

- proposed Quarry Restoration Project. Current site plans call for the immediate decontamination and

decommissioning (D&D) of the QWTPmallowmnmmnfthaqumymﬂpemmnufﬂn
QWTP 1o treat groundwater extracted from the quarry alluvial aquer may negatively impact
restoration of the quarry proper. ' .

-n
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Another major umplennnmbmW concemn is the possibility of flooding. The landhetm

| ~ the quarry and ‘the slough is subject to annual flooding: floods have occurred dusing the last

thréem.mmﬂmmmmmdeqﬁpmthMmm&ﬂmmmw

' or possibly the entire quarry area agamst the effects of floods so that the chance of damage and

interruption of operations would be acceptably low. Installation of wmporary flood barriers, removal’
of equipment to protected areas, anchoring of vulnerable items, or installation of sumps or
mrgemypumpsnﬁghtbemdedﬂmiﬁgatemewmﬁﬂdmagcmmissimw
components and systems. . . ' - :

New permits of licenses for on-site activitiés riight be required to implement Altemative 6.
State and/or federal permits may be required for an off-site contractor o bring its portable treatment
unit to the Weldon Spring site. License acquisition (for temporary possession of the uranium
removed in the portable trearment unit) may be required by the off-site contractor to implement this

" alfermative. -

Another pmcntis_il concern is the off-site transport of any contaminated wastes that could
be generated after the closure of the on-site engineered disposal facility. The amount of waste

- generated by groundwater teeatment that would require shipment to an ofi-site disposal facility is not

very large and is equivalent to Jess than one truck shipmeat annually, on the basis of a net payload
of 19,504 kg (43,000 Ib). Shipping of low-level waste from the Weldon Spring site to an off-site
disposal facility- could involve numerous requirements under EPA and U.S. Department of
Transportation (DOT) regulations and DOE Orders. Compliance activities would involve cbtaining-
permits and/or notification of pertinent state agencies conceming hauling routes and Lramsport
schedules. ' :

Another potential implementability concem is the propesed location for the interceptor
trench. For this analysis, it was assumed to be situsted north of Femme Osage Slough on land located
in the Weldon Spring Conservation Area The land near the siough is administered by the Missouri
mmuﬁmwvﬁmmdﬂmmmﬂmﬁmﬂmmomcm would be
required before Altemative 6 could be implemented. Consideration of a portable groundwater

reatment unit may require locating the units on land pear the sloagh.

A final implementability concern is the final decontamination of the portable treattnent it
afier groundwater treatment is complete. If an acceptable level for off-site release is not achieved
during decontamination, then the equiprnent may have to be purchased by DOE and then disposed of.

3.4.6.3 Cost

The estimated cost of Altemative 6 is between the costs for Alternatives 2 and 3. On the
basis of the preconceptual design and application of cost factors specific to the Weldon Spring site




Y ' L Maorch 17, 1998

" . for indirect activities (Hood 1997), the capital cost of Altemnative 6 is estimated 1o be between $1
and $2 million (Apperidix E), depending on whether the QWTP and the lower-cost single-pass trefich
-constniction are used, The capital cost would be primarily for the installstion of the interceptor
trench. The cost of the 1.3 Lfs (20 gpm) trailer-mounted waler tredtment unit was estimated to be
- approximately $0.6 million, which is similar to the cost ($0.6 million in $1990, $0.8 million in
© $1996) of the 4- 10 5- Us(ﬁ}-mTS-gpm)mnbﬂewmuemmtphnmpﬂatedbyDOEdunngﬂm' :
1990s. (DOE 1992).

The annual O&M costs are estimated to be between $0.6 miltion and $1 million per year,
depending upon the miode of treatment (QWTP versus portable units) and whether the costs of
groundwater monitoring are included. The annual O&M costs would be primarily for groundwater
treatment (which ranges from $0.4 to 30.5- million per year). The unit cost of groundwaler treatment
was similar for both the QWTP and the poriable units {af approximately $0.04 per gallon), which
is greater than the unit cost'of $0.01 to-$0.02 per gallon guoted in DOE (1992) for a 6.3-L/s-
{100-gpm) portable groundwater treatment unit. {The costing reethodology applied in this analysis
to estirnate the annual operanngms:fﬂrponablcmuspmdmmdaumtmﬂmﬂlﬁpergallonfm
a 6.3-L/s [100-gpm] portable system, similar to-the unit cost prouded in DOE [1992].) '

Assummg a discount rate of 7% per year, five years of groundwater extraction and
treacment, and neglecting the D&D costs of the QWTP and the ponahle tieatment unijts (which are .
highly speculative in the case of the portable unit), the 30-year present worth of Alternative € is
estimated to range between $4-million and $10 million, which is less than that for Altemnatives 3
and 5.

3.5 SCREENING SUMMARY AND IDENTE‘IC&'I‘IBN OF FINAL &LT-ERNA’I‘IYES |
: TTmmsultsquhescmenmgmalymsforthepmhmmalmmuvesmpumm
Table 3.2. Each alternative was evaluated in accordance with the three criteria defined in the NCP:
effectiveness, implementability, and cost. On the basis of the screening process, the fullwmg _
alternatives were excluded from further consideration:

+  Altemative 3; Groundwater Removal with On-Site Treatment.

«  Altemative 4: Containment; and

+  Alternative 5: "{l'l_;Sitl.l Treatment Using Permeable Barriers,

Alternative 3 was not retained for further consideration because preliminary simulation

results indicate that restoration time frames of at least 100 years would generally be necessary to
restore the groundwater system using the interceptor trench technology (sce Appendix B): This
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- projected mnediaﬁontimfram:,whidiis controlled by the !uwpermeabilityandpemsitydft_}m

groundwater system, would require water treatment ¢apacity to.extend well beyond the 10-year
design life of the QWTP. Replacement plants would be required for many years into the future o -
satisfy long-terrn removal and treatment needs. ' '

Alternative 4 was not retajned because the contamination would be contained withii; the
quaryy area without subsequent treatment, and there would be the potential for lack of long-term -
protection because of uncentainties regarding the long-tenm petformance of physical batriers,

including the possibility of continuons replacement of the sturry wall. Failure of the wall could allow - - |

contaminant migration toward the St. Charles County well field, because the electrical double layer
of bentonite might increase the oxidation state of the aquifer near the slough, resultitg jn potential
solubilizing of precipitated uranium (Gleason et al. 1997). . |

- . Aliernative 5 was not retained for further consideration because the technology i Dot © -
mature; it might also be rejected for technical reasons during the remedial désign phese. In addition, '
the long-term performance of periesble barriers is uncertain (which might lead to multiple
replacements of the in-situ treatrment media), and the projected restoration time frame could be as
long as 200 years. ' . ' '

On the basis of the screening process, the following alternatives were retained for dexailed
evaluation: : ' -

»  Altemative 1: No Action;
-« -Alternative 2: Monitoring with No Active Rcmﬂiaﬁm; aﬂd

»  Altemative 6: Groundwater Removal at Selected Areas, with On-Site Treal-
ment, :

These alternatives are discussed further in Chapters 4 and 5.
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4 DETAILED ANALYSIS OF FINAL ALTERNATIVES

Three remedial action alternatives to address guarry groundwater contamination were

retained through the screening process presented in Chapter 3: .

Alternative 1: No Action;

Alternative 2: Monitoring with No Active Remediation; and

Alternative 6: Groundwater Removal at Selected Areas, with On-Site Treatment.
These altematives arc described further i Sections 4.1 through 4.3. Enginsering information and
identification of any réquited equipment that would be representative of a final remedial design are
provided for the purpose of comparing the feasibility of the altematives and assessing potential

impacts on human health and the environment. Actual equipment requirernents and engineering
procedures would be defined in the ROD or subsequent remedial design/rernedial action (RD/RA)

. Feports, as approptiate.

A detailed analysis of these three final alternatives consisted of an assessment of cach -
afternative relative 1o the foliowing nine evaluation criteria as specificd in the NCP: '

1. Overall protection of human health and the environment: sddresses whether
each alternative provides adsquate protection of human health and the
environment, Evaluation focuses on a specific alternative’s ability to achieve
adequate protection and describes how site risks posed by cach pathway are
climinated, reduced, or controlied through natural processes, treatmeat,
engineering, or institutional coatrols. This evaluation also allows for
consideration of any unacceptable short-term impacts associated with esch
alternative. Because of its broad scope, this criterion also reflects the focus of -
criteria 2 through 5.

2. Compliance with ARARs: addresses whether all applicable or relevant and
appropriate state and federal laws and regulations are mel. Evaluation focuses
‘on whether each alternative will meet federal and state ARARs and TBCs or
whether there is justification for an ARAR waiver. Various ARARs and the
waiver conditions are identified in Appendix A; key requirements for each
alternative are discussed. |

3. Long-term gffectiveness and permanence: sidresses the risk remaining at the
operable unit after remediation goals have been met. Evaluation focuses on the
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ability of an alternative to maintain reliable protection of buman bealth and the
environment over time, once these goals have been met. '

4. Reduction of toxicity, mobility, or volume: addresses the statutory preference
' for selecting alternatives that permancntly and significantly reduce the
toxicity, mobility, or volume of hazardous substances at a site. Evaluation
focuses on the extent to which this is achieved by each alternative,

5. Short-term effectiveness: addresses the potential impacts to workers, the
generzl public, and the environment during: lmplemcmatmrn of each .
altemauw:

6. Implemeniability: addresses technical and admnustmuvt feasibaluy, m::ludmg
the availability and relisbility of resources or materials required during
implementation and the need to coordinate with other agencies,

7. Cost: addresses both capital costs and wnval O&M costs, as well as the
combined net present worth, for each alternative.

8. State acceptance: addresses the statutory requirements for substantial and
meaningful state involvement. Evaluation of this criterion will be addressed
in the responsiveness summary and ROD that will be prepared following the
public cumment period.

9. Community accepmm assesses the community's apparent preference for,
or concems about; the alternatives being considered. Evaluation of this
criterion will be addressed in the responsiveness surnmary and ROD that will
be pmparcd following the public comment period.

The effectiveness, nup]emtab:]ny, and cost of the three altematives retained for detailed analysis

are summarized in Table 3.1, The three altematives that were retained through the screening process

were evaluated on the basis of criteria 1 through 7 relative to potential bealth and environmental
- impacts. The results of this comprehensive analysis are presented in Sections 4.1 through 4.3.

4.1 ALTERNATIVE 1: NO ACTION

_ The No Action Altemative provides a baseline for comparison with the other alternatives
being evaluated. Under this altemative, the guarry groundwater would remain “as is.” No
containment, removal, treatment, or other mitigating actions would be implernented. This aliernative
does not inciude groundwater monitoring by DOE or any active of passive institutional centrols that -
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. may setve to reduce any potential for human expusure {e.g., physical barriers, deed 'restl"in::t'im).
Under this slternative, it is assumed that all existing dctivities, including moritoring by DOE, would
_hc discontinued. ' ' _ .

41,1 Overall Protection of Human Health and the Environment

The No Action Altemative would be.adequately protective of humasn health and the
environment over the long term. Under cusrent conditions, the groundwater nosth of the siough poses
10 immirient fisk to human health at the St. Charles County well field or the environment south of
the slough. Future conditions are expected to be similar to cusrent conditions, if not better, because
the source of contamination (ie., bulk waste) has been removed. Natural processes currently
occurring will continve to slowly decrease the uranium concentrations that exist in gquarry

. groundwater north of the slough. .

41,2 Compliance with Potential ARARs

Potential regulatory requirements that might be applicable or relevant and appropriate to
the final remedial action altemnatives are identified and evaluated in Appendix A. With no action,
the metric of 30 pCY/L for usanium would ot be met for 2 long period of time (i.e., >200 years). The '
30 pCi/L standard was established by the EPA for inactive urenium processing sites (40 CFR192)
and has been determined to be relevant but not appropriate for the remediation activity being
considered for the quarry groundwater. For nitroaromatic compounds, curreat quarry groundwater
concentrations in three wells marginally exceed the standard for 2,4-DNT. However, concentrations
of uraniumn and nitroaromatic compounds in quarry groundwater will continue to decrease with time
as a result of source (butk waste) femoval from the quary proper, degradation of the nitroaromatic
compounds, reduction of uranium to form inscluble ‘compounds that precipitate from the
groundwater, and dilution from infiltration of rainwater and runoff and from sporadic local flooding.

4.1.3 Long-Term Effectiveness and Permanence

Under current conditions, the contaminated grovndwater north of the sfough poses no
ieminent risk to the St. Charles County well field or the eavironmeat south of the slough. Although
contaminant concentrations would not be measured in the future, on the basis of current conditions,
it is expected that unacceptable impacts to human health and the environment would not ocour.
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4,131 Protection of Workers

' No activities are associated with the No Action Alteruative, thus workers would not be
exposed to hazardous substances. Consequenty. thens would be no risks to workers associated with
this alternative. - o S '

4.1.3.2 Protection of the Public
Potentiaf impacts to members of the general public on the basis of current conditions are

sumnmarized in Chapter 1. Estimated corrent risks are assumed to be representative of future risks
because land uses and risk scenarios can be-assumed to be similar. On the basis of these risk results, .

unmptableriskstqammbuafm;gmmﬂpubﬁcmmﬁkdymmmmENpﬁmm

Alternative. ; iR

4.1.3.3 Environmental Pretection '{Wnt.et Quality and Hydrolegy)

The concentration of contaminants in the area of the quary has decreased with time becanse

. the source of the contamination was removed from the quarry. Reduction of uranium near the slough
with subsequent precipitation and dilution from infiltration of rainwater and Tunoff and from
sporadic Jocal flooding would also decrease the comtaminant concentrations in the groundwater.
Residual contamination from the quarry proper is prévented from migrating to areas south of the
slough due to reduction and precipitation, dilution, and sorption (DOE 1993b). In the unlikely £vent
that the uranium contamination did migrate south of the slough, calculations indicate that 2 yrapium
concentration of 21 pCianﬁghthgnmsumduasinglecuumyweummhanheslmgh. a5SumIng -
that the average uranium groundsater concentration would be 2,800 pCiL north of the slough and
-that al] nranium contamination wonld migrate (o a single production well (DOE 1998b). The
estimated uranium concentration of 21 pCVL is below the metric of 30 pCi/L.

4.1,4 Reduction of Toxicity, Mobility, snd Volume through Treatment
Reduction of toxicity, mobility, and volume through treatment is not applicable to -
Alternative | because the contaminated groundwater would not be wreated under this alternative.

'4,1.5 Short-Term Effectiveness

No short-term impacts would ocour to human health or the environment because Bo
remedial action would be conducted. '
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~ 4:1.6 Implementability

Nomﬁccrm regarding implementability are associated with Alternative ! becauss no action
would be taken nor would any furure activities be considered. No technologies or managemert
strategies would be implemented, not would any permits, licenses, or approvals associated with

'undertaking a remedial action be needed.

4.1.7 Cost

No net present worth, capital, or annual O&M costs are associaied with the No Action -
Alternative because no activities wonld be undeitaken. ' :

4.2 ALTERNATIVE 2: MONITORING WITH NO ACTIVE REMEDIATION
Undci- Alternative 2, long-term monitoring of the groundwaser would be performed. The
contaminant concentration in the groundwater north of the slough would slowly decrease with time.

This decrease could result from {1) attenuation of the uraniurn by sorption in the fine-grained
alluviurn of near-surface soil (which contains much tumic maverial and iron-manganese hydroxids), -

‘and (2) precipitation of uranium out of solution in the area of the slough where decaying ofganic

matter maintains a reducing condition. This process convens uranium 1o the -+4 state, forming
vranium dioxide {UG,), which is highly insoluble and would precipitate out of solution. Sampling

data from the moritoring wells south of the slough and from the county production wells indicate
that uraniuminth:gmmdwmhaénm:ﬁgmmdmtheSt.CharlesCoumywellﬁzld.Thismwbe :

- due to reduction of the uranium to insoluble compounds that capidly precipitate from groundwater

(DOE 1998b). If, although unlikely, the contamirated groundwater from the quarry area did migrate
south of the slough, the contaminant concentrations would be significantly decreased by dispersion
and dilution with uncontaminated groundwater drawn from the Missouri River undecfiow and by

dilution from infilteation of rainwater and runoff and from sporadic local flooding.

Groundwater monitoring would be cooducted using the existing well network, -as
appropriate. This network could be expanded or reduced, depending on the results of future sfforts
10 optitnize the network for long-term monitoring. For conservatism, the evaluation of Alternative 2
for this assessment assurned the construction and operation of additional monitoring wells equivalent
to approximately 15%.of the number of cxisting wells (i.e., sbout seven additiona] welis). The exact '
monitoring network and details regarding frequency of sampling and parameters analyzed willbe
identified in the ROD or subsequent RD/RA reports for this operable unit. The current groundwater
monitoring program for the quarry area consists of 45 DOE monitoring weils, 4 monitoring wells
owned by St. Charles County, and 8 municipel production wells. Of these wells, 1 monitor
groundwater in the bedrock system (Kimmswick Limestone, Decorah Formation, or Plattin .
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Limestone). The remaining wells and all countyﬂww:l monitoring -and production wells are
screened in the-alluvivm (information en well lucmuns and depths is provided in DOE [1994a]).

"The monitoring program would continue for a‘period of time specified in the ROD.
Standard .operating procedures vsed for current monitoring activities would be expected to be
 adopted for the long-term monitoriag effort. Water levels would be measured during each sampling -
event. Quality assurance/quality control samplés would be collected during each sampling eveat.

- The monitoting ﬁeqmmyformewcﬂsmaxpxwdmbehmwtﬁc mf.im;on
thclevdofmnmnnnnuuncn;mmtemd For exantiple, wells with low concentrations of contarninants
that are constant over time would be sampled less fréquently then wells with uranium cencentrations
much greater than 30 pCi/L. For this analysis, it was assumed that the frequency of sampling would
be seasonal (quarterly), although a semiannual monitoring frequency might be possible because of
the low groundwater velocities. Details of this monitoring mllbeprmmdmsuhmqmtmpons_
prepared for this operable unit, asappmpnal:e.

Pcnmmnmmofﬂmmdwmmmgwlsmdmmm@mgw
ment would be expected to extend the life of the equipment. Monitoring wells would be evaiuated
with regard to performance and condition and integrity of varicus well components such as conerete
pads, posts, and protective casings. Periodic inspections to deterinine the aeed for maintenance
would be guided by the collection and anzlysis of representative groundwater samples. After the

completion of long-term monitoring activities, ﬂwmﬁmgmﬂswﬂdbem&nagedm‘I

accordance with on-site procedures (e.g., plugged and abandoned).

Because contamination would remain on-site at concenirations above levels that allow for
untimited use and unrestricted exposure, reviews wonld be conducted at least every five years to
mmumﬂnmmdymnnmdmmw&mqmmmofmmmmdme
environment.

" 4.2.1 Overall Protection of Human Health and the Environment

Alternative 2 would be adequately protective of human bealth and the environment over.
the long term. Under current conditions, the groundwater north of the slough poses fo inminent risk
to human health at the St. Charles County well ficld or the: cavironment south of the slough.
Potential ﬁmher:mgrauonofmecmtmnauunmmmepmducnmweﬂamldbemnmmmi
Investigative activities would enable identification of continued piume migration and any varistions
in local geochemical conditions (e.g., Eh, pH). These variations could adversely affect removal of
the contaminants from the groundwater by natural processes such as absorption, adsorption, precipi-
tation, and biodegradation. This monitoring program wenid be used to measure the atainment of
remedistion goals, that is, a further reduction of wraniom comcentrations or mass in quarty
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gruundwmwluwerm:moummﬂmuldpmﬁgﬂymimmﬂnmﬂﬁcliw
meéasures, as provided for in the Well Field Contingency Plan (DOE 1998c), would be irplemented
to prevent unacceptable exposure concentrations at the St. Charles County well field. Contaminant
reduction north of the slough would be the result of patural processes, including dilution, '

4.2.2 Compliance with Potential ARARS

© Complisnce with potential ARARs for this slternative would be the same s for .
Alternarive 1 (Section 4.1.2). ' :

L

4.2.3 Long-Term Effectiveness and Paermnence _

- Under current conditions, the contaminated groundwater north of the slougﬁ puses no
imininent risk to the St. Charles County well field or the environment south of the slough. Monitor- -
ing and maintenance activities would be carried out by DOE for a period of time specified in the

. ROD. Protection of human health and the environment in the extended future wonld be ensured,

because investigative and monitoring activities by DOE would continue and allow consideration of

active response measures if future migration of residual contamination resulted in unacceptable

exposure concentrations at the well field. However, unacceptable impacts to human health and the
anvironment are not expected 10 ocour. o

" 4.2.3.1 Protection of Workers

Long-term monitoring and maintenance activities would be carriéd out for a period of time -
specified in the ROD. Workers would be present on-site periodically to perform these activities. The
potential impact on sampling personnel from exposure to contaminants would be low.

Monitoring activities over a 30-year period are estimated to result in approximately eight
cases of occupational injury and no occupational fatalities (Appendix D); these estimates are based -
on industry-specific statistics from the U.S. Bureau of Labor Statistics, as reported by the National
Safety Council (1995). Alicmative 2 would, therefore, pose Jow long-term risks to workers. '

4.2.3.2 Protection of the Public

Similar to the No Action Altemative, unacceptable risks to the general public would not
be expected to occur under Alternative 2, even if conditions would remain as they are currently.
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However, with monitoring, mfommmn on future concentrations of contaminants in groundwater.
would be avallablc to confirm this expectation.

4 2.3.3 Envirnnmental Pmt!cthn {Water Qnality and H')"dl'dﬂﬂ’}

Water quality and hydrology would be the same for Almmve 2 as for &hennnve 1.

-4.2.4 Reduction of Toxicity, Mobility, or anume through Tmtmmt

‘Reduction ofto:uclry mobility, or volame through treatment is not-applicable to anatwe o
2 becaus: conmmnated groundwatcr wnuld not be u:awd nnd:r this alternative.

425 Short-Term Effectiveness

_ Construction activities are estimated to result in less than one case of occupational injury
and o occupational fatalities (Appendix D). This estimate is based on industry-specific statistics
from the U.S. Bureau of Labor Statistics, as reported by the National Safety Council {1993).

Some short-terim impacts on recreational use of the surrounding wildlife areas might occur
-as a result of noise, exhaust fumes, and dust associated with any construction of new monitoring

wells, Impacts to biological resources would be mitigated by avoiding unnecessary damage to
vegetation, wildlife, and soil through controlling traffic and minimizing the arcas of distutbance.

During construction of the additional monitoring wells, thic amount of criteria pollutants
emnitted as a result of equipment operations and ransportation (by car) of the construction personnel
to the quarry area would be low (e.g., less than 380 kg [840 Ib] of CO emitted during the entire
construction period {Appendix DY), and as such, would not contribute to any off-site health impacts.
Assuming a total of 52 DOE monitoring wells (45 existing, 7 assumed new), a quarberly sampling
frequency, a mobilization distance of 3 kan (5 mi), and (conservatively) only onc well sampled per
trip, the annual emission rate of criteria pollutants from werker vehicles would be low (¢.g., less than
45 kg {100 Ib] per year of carbon monoxide emitted [Appendix D}) and would not contribute to any
off-site health impacts. Emissions of total suspended particulates (ISP) were estimated to be

_approximately 2,700 kg (5,900 Ib), assuming that all vehicles traveled over unpaved roads without

- gny control measures. Vehicle traffic on unpaved surfaces would be the major source of TSP. TSP .
generation during actual construction activities would be suppressed by watering, revegetation of
bare areas, removal of dirt and debris from the road surface, and the use of containment methods
whenever feasible. These temporary impacts would be limited to the immediate vicinity of the quarry
area; mitigative measures would be applied to ensure minimal impacts to off-site arcas. |
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- 4.2.6 Implementability

" Few implementability concerns would be posed by Altcrmative 2 because of the limited
actions taken. Site operations would continue to use readily available resources for monitoring.
Construction of any new monitoring wells would simiply require mobilization of a drilling rig for

‘installation. Minimat administrative complexities, including permit applications, would be associated

with monitoring well installation.

Gmundﬁnter monitoring could be readily implemented, Numerous wells ﬁmnﬂy existat
* the quarry area, and additional wells covld be easily instailed and monitored, Monitoring of plume

migration would be relatively easy to implement. The resuits from sampling of the existing network

" of monitoring wells would be used 10 identify the potential for significant exposure before it
‘occurred at the well field. Therefore, taking additional actions prior to significant expasure ak the

well field would be Telatively sasy.

LT .

The administrative feasibility of Altemative 2 would be relatively straightforwsrd.

Remedial activities at the Weldon Spring site are coordinated with the State of Missouri and EPA
Region VII. That coordination would continue during the implementavion of Alternative 2, and no
additional coordination would be required with any other agencies beyond that already occurring.
No permits or licenses would be required for on-site activities. .

4.2,7 Cost

Costs for this altemative would be associated with continuing the existing environmental

monitoring program, constructing and operating possible new monitoring wells, and conducting a
performance review at least every five years. Feasibility-level cost estimates wepe prepared using

' standard cost-estimating sources. The proposed monitoring wells were assumed to be constructed-
of stainless stee] for long-term effectiveness. It was conservatively assumsd in this analysis thac the -

pew wells would be purged and sampled with dedicated pumps,

The costs for individual construction activities were taken from the latest vession of the
Unit Price Book developed by the U.S. Army Corps of Engineers (1989). A cost differential was
incladed to account for the differences in material and labor costs for the Weldon Spring site
compared with the generic Unit Price Book costs. The worldorce estimates for various support

activities (e.g... construction and heslth and safety plan) were derived by a parametric approach based

upon similar levels of construction activitics for related construction projects., Miscellaneous costs
— such as thoss for small tools, indirect costs, and bond and insurance costs — were estimated on
the basis of various percentages of other costs (Hood 1997). Present worth was calculated from
procedures identified in EPA guidance and by using & 7% discount rate (before taxes and after
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~ inflation [EFA 1993b]). Long-term maintenance costs were based on a 30-year period, mmdanﬂe .
with EPA (1988a) guidance, and include annual sampiing and analytical costs.

' The estimated total and present-worth costs for Altemaiive 2 are given in Table 4.1; dnmual
~ costs are estimated to be approximately $0.6 million.

The costs associated with potential Fatute actions, i the event that potential migration of

+ residual contamination did result in unacceptable :qxposu'm concentrations, were not quantified
because the uncertainty associated with these future activities precludes accusate assessinent 6f thess
costs. - - ' ' '

~ 4.3 ALTERNATIVE 6: GRUUNDW&TER R‘EM’DVAL AT SELECTED AREAS, WITH
. ON-SITE TREATMENT.

. Under Allernative 6, an interceptor trench approximately 1-m (3-ft} wide and sbout 5-m
(16-ft) deep would be installed notth of the Femine Osage Slough in a selected area bounded byand
encompassing monitoring wells MW-1014 and MW-1016. (approximately 340 m (L100 f]). -
Interceptor trench systems are generally used in groundwater recovery systems if the water table is
* fairly shallow and the soil is of low permeability. The purpose of the trench is to create 2 high- -
permeability channel through the native soil to recover more groundwaser than a vertical extraction

TABLE 4.1 Cost Estimate for Alternative 2

Estineted Cost.

Acﬁvi:y : (8 million)
" Ground monitoring well construction” 0.15
- Groundwater monitoring® 15.3
Total® - 15.5
Present wort® 63

: Bas}egioncmmnﬁmufsnvmmwweus.
* ® Estimated upper-bound cost for a 30-year period, .
assuming current sampling frequency for the existing
network of monitoring wells. Any reduction in durstion of

monitoting, sampling frequency, or nursber of wells
sampled would result-in a proportional reduction in cost:
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~ well could. Themdmof&c@mhwmﬂdhehackﬁlhdmthah;ghmabﬂnym'

such-as gravel. Apmforatedpipewnuldhemmucdhonzomnymthebmofthemmhtomnm
water to a series of underground sumps. I .

The major activities asmamd wnl:t tren:h construction are site preparation; trench

‘excavation and stabilization; and instaliation of the underground sumps (drains) and fabric filter,

drain pipe, and gravel material. An area of approximately 0.5 ha. (1 acre) would initially be cleared .
of vegetation such as trees, shrubs, #nd brush; the stumps, mmddebnswmﬂdbemvadﬁm
the soil by using dozers or other heavy equipment. About 2,100 m? (2,800 yd*) of material would
be excavated in the development of the trench. This analysis assumes that haul trucks with tarp
covers securing the loads would be used to transport the excavated solids a total of approximately
6 km (4 mi) from the quarry to the chemical plant area at the Weldon Spring site for either direct
placernent in the WSSRAP on-site disposal cell or temporary stockpiling until placement couid take

place (Valeit 1997). (Theée soils éould: a]soheusbdforbackﬁ]lmthgquam, depending on the - L

contaminant level.) On the basis of  truck capacity of about 15 m’ (20}*&3151:1& 50% fill, a total of
280 shipments would be required.

Excavation of an interceptor trench is vsually a relatively straightforward process. For

.l:lcpths of up to 7.6 m (25 ft), no special equipment is required. This analysis assumes that an

excavator would be used primarily to dig the trench and to load trucks. Excavators are typically used
for wenching or borrow excavation on dry, stable ground such as that seen at the quarry area.
Excavalorsmﬂmuwﬂmmﬂyw&mﬂ:%%nmh&hmhﬁd&p&sm
than those at the quarry area.

*  For this analysis, i_t was assumed that underflow undemeath the interceptor trepch would
be minimized by instalkation of a bamrier wall composed of. 13-cm (5-in.) thick HDPE downgradient

. of the interceptor trench. The necessity for containment provided by the RDPE liner wonid be

determined during the final design, at which time the proximity of the interceptor trench to the
Femme Osage Slough, among other factors, wonld be taken into consideration. ‘The interceptor
trench would be keyed in to the lower permeability layer underlying the alluvial soils, assumsing
fragmentation of the rock using a backhoe-mounted pneumatically-driven impact tool such as an
Ingersoll-Rand “Hobgoblin™ (Richardsen Engincering Services 1993): The impact tool wouid break

“up and loosen the rock or hard soil 1o a state where a Caterpillar 235 backhoe could remove the
* loosened material. Generally, rock that can be removed by this approach is well weathered, fractured,

or fragmented; including most caliches and soft sedimentary rock (i.c., chalk and sandstone), glacial
tills, and hard clays. mmmuwﬁmﬂamwmum
at the quarry area. '

Side wall protection would be provided during excavation. Pursuant to current OSHA
requirements, excavations greater than 1.5 m (5 ft) deep should be protected against cave-in. This
is normally accomplished either by installing sheeting, trench boxes, or by sloping the excavation
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| wﬂb.Tmhmangmgmuaﬂyﬂubmmwmmhmmumm this

analysis assumed side wall protection by trench boxes. (Side sloping for deeper trenches creales a

larger area in which contaminated smi may spr:ad and contaminate previously uncontarninated

areas.y

Proper instalation of the interceptor drain (i.c., maintenance of grade, placement, and '
alignment of pipes) would require dewatering to achieve a dry environment. (Although dewsatering

may not be necessary for extremely firm soils, or low yielding formations, this smalysis

conservatively assumed dewatering would be necessary. The requirement for dewatering would be
' examined during the final design, at which time the potential for precipitation during wench
" excavation would be taken into account.) Wellpoints would be used to lower the water table near the

trench excavation and afe one of the most widely used and most versatile dewatering technologies -
where total lift or Drayton will not exceed 6.7 m (22 ft)-(Wagner ¢t al. 1986). Wellpoint systems . -
mnsmnfagrmtpofclosclyspm“llsmmmdmahaadﬁptpcmdpumpedbyasucﬁmm -

Thsmalyﬂsassunudthatﬁgm(ﬂﬁﬁ)nfmdermwnhmﬂpoimslSm{Sﬂ)mmterfor
“each 500 linear-meters {1,650 lincar ft) of trench (Wong et al. 1997). The contaminated groundwater
that is recovered during the dewatering process (on (he arder of 140,000 L [38,000 gal], based on
2 total of about 1,600'm? [56,000 £t3] excavated and a backhoe excavation rate of 100 m*%h

[130 ya*mp), would be either stored and then transported to the QWTP for treatment or treated by

themubﬂemmmmumtpnarmreimmth:msmmkmrmihe lﬂ-cm(d—m}QWl‘Ppapelm

Onee trench excavation was cumplued, the components of the subsurface drain would be

installed, This process includes installing the fabric filter, laying the pipes and gravel (cnvelope

material), backfilling, and installation of auxiliary components. This analysis assumes that a fabric
. filter is first installed at the outer edges of the trench to prevent fines from clogging the gravel and

- drain pipe. Replacing the geotextile liner with a filter sock placed on the pipe or gradation of the -

gravel to prevent clogging may be considered in the final design. Well-graded gravel between 1.3

to 1,9 em (1/2 to 3/4 in.) in size would be laid in an even layer to provide bedding for the drain pipes..

~ Perforated PVC pipe with a nominal diameter of 0.15 m (0.5 ft) would be used 10 convey the
gmunﬂwmm.mundmgrwndwweu{sump}.mwﬁpedimmrwuﬂﬁmmdmhgﬂw
Marnning equation [Wagner et al. 1986) to ensure that water that arrives at the drain pipe can be
conveyed without a buildup of pressure.) Additionat gravel would be installed around the drain pipe
to increase flow into the interceptor trench and reduce the potential buildup of sediments ip the drain
pipe. This analysis assurnes that the gravel would be placed into the trench by a wheeled loader. The
fahricfilwwouldtheq:hewmppndamuhd_thcmpofﬂngmvclpﬂormbackﬁuingwiﬂunil.

This analysis assumes that the groundwater collected by the interceptor trench would
d:schargc into a total of six underground sumps, ou the basis of the methodology provided in the
French Drain System for Site Remediation (Naval Energy and Environmental Support Activity
1991). The actual number of sumps wonld be determined during the final design, at which tirne the
variation in the elevation of the top of the bedrock would be taken into account. Each sump is

. ——
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 assumed to be 0.9 m (3 fi) in diameter snd (conservatively) assumed to be construcied of rinforced

concrete pipe. (The construction material for each sunp would be determined im the final design;-
HDPE or other piastics may be used.) A single submersible pnewmnatically driven groundwater
extraction pump would be installed inside each sump 10 deliver the extracted groundwater to & piping -

. network that connects each sump io a manifold. From the manifold, a single pipeline wouid bring

contaminated groundwates 1o a 30,000-L (8,000-gal) single-walled aboveground storage tank located
on & 20-cin (8-in.)-thick reinforced concrete pad with engincered berms for secondary containment.
A double-wall PVC pipeline (diameters of about 10 cm and 15 cm {4 and 6 in.]) would be.
constructed 1o transfer the water from the interceptor trench storage tank for treatment (double-
walled construction is used to ensure leak protection).

The trench would be backfilled to the ofiginal grade. It is (conservatively) assumed that soil

 required from off-site to compleis backfilling (approximately 90 m® [120 yd°]) would be normal

construction quality soil borfoived less thian 8 ke (5 mi) from the site. To prevent settling of the
backfill after trench construction, periodic compaction of the soil lifts using a vibrating plate
compactor would be performed. Topsoil, subsoil, mulch, and seed would be added to restore ground

COVEr.

Two options currently exist for treating the extracted grovadwater: the existing QWTP or
a portable unit. In the case in which the extracted groundwater would be treated at the existing -
QWTP, 2 double-wall pipeline wonld be construcied connecting the discharge of the interceptor
trench with the QWTP. The following text describes a typical scenario for the potential use of the

. QWTP. (Un the basis of the quarry restoration project. the QWTP could be modified and the
" equalization basin may not be available, in which case a tank would be used for storage prior to

batch treatment at the QWTP). Groundwater would be pumped from the interceptor trench to the
existing equalization basin at the QWTP. The existing water treatment system at the quarry consists
of an equalization basin, a water teatment plant and two effluent ponds. The equalization ‘basin

- serves as AreseIvoir to provide consistent flow and uniform contaminant concentration &t the QWTP.
* The water then goes through six majot steps — lime mix, clarification, multimedia filter, activated

alurmina, activated carbon, and ion exchange — aimed snccessively at the ever diminishing amount
of chemicals and radioactive materials {see Section 3.2.2.3). The on-site QWTP would be operated
macmxpaignmodt.ﬂmh,whm&wrﬂmequﬂiuﬁmbasinwmﬂdmmﬁnmfﬁdmmdm
forcuntinuuusmﬁmdthewmmmmgnm.mmmwmmdhm

" at the QWTP for a total of two years to establish the technical feasibility of this altemnative. The

proposed plan is to expand this duration if results are favorabie. At the end of the two-year period,
the QWTP would be decontaminated and dismantied; contaminated materials would be sent for
permanent disposition at the WSSRAP on-site disposal cell.

Two effluent ponds, ach with the capacity of 3.8 million liters (one miilion gallons), would
collect the treated water from the QWTP until analysis would assure that the water is safe for
discharge. Each batch of treated water would be chemically analyzed to confirm compliance with
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lhzmquutmentsnfmeNPDESp:rmit While the first batch is testad, thnsecondeﬂwupm&
wouldcuﬂectanntherbatchufmcedwmr If the water does not meet NPDES standards, it would
.beutntedagam '

_ Portable treatment units wuuld be used if the QWTP was unsvailable. A trailer-mounted

unit was assumed in this analysis to facilitate ease of transporting the unit to the arca north of the
Femme Osage Slough and to allow removal of the trailer-mounted system in the event of flooding
of the Missouri River in the region of the quarry. Further information concerning the installation and
O&M activities of the portable treaument units is provided in Section 3.2.2.6,

The process flow diagram for the portable groundwater treatment system is shown in

Figure 3.8. This system is described primarily for purposss of illustration {to help the teader
understand what would be mvolwd in treating groundwater extracted from this operable unit using .
'a portable system); it is not intended as a final or definitive treatment systém. Other reatment
processes or systern configurations could be used, pmwdad the:,r are capable of cost :ffacuw:ly
achieving the reqmred effluent concentrations. :

Extracied groundwater would be sent to a feed tank. This tank would provide equalization
of influent to dampen vafiations in flow and groundwater quality. The tank would also receive
recycled water from dewateting (i.e, the filter press). A tréatment systetn that does not have to deal
with rapid and massive changes in feed is generally more efficient in its task, as well as considerably
less expensive to d::mgn and build. -

Sedimentation precipitation would be used to remove uranium and other mcta.'ls Several
precipitation additives would be considered in a treatability study. Lime is the most common
precipitant used, primarily because of its low cost. An additive {or combination of additives} would
be selected on the basis of cost and the volume of sludge produced. Influent pH adjustment may not
be necessary, although it could easily be added to the system if necessary. '

" Clarifiers are genenally sufficient for removing suspended solids: However, solids from
precipitation sometimes coagulate and settle poorly, so that a clarifier might provide insufficient
removal. However, the clarifier overflow in this system passes through a series of multimedia Blters.
If the solids from precipitation coagulate and settle ponrly, the ﬁlter columns woujd be nzﬂl io
handie the addmonal solids loadmg '

Studge from the clarifier, which contains the solids and precipitated uranium and other
metals, would be dewatered using a recessed plate (plate-and-frame) filter press. This type of filter
press can usually achieve greater than 50% solids in the filter cake. The dewatered sludge would be
sent 10 the WSSRAP on-site disposal cell for ultimate disposition. Most of the solids in the slodge
would be normat (noncontaminant) dissolved solids, such as calcium carbonates and magnesium
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hydmmdes {DOE 1998b). Radmacuve mmnants wmld be pmsent in relauvely low
concentrations. :

Multimedia filtration would be used to temove suspmded solids from the effluent of the
newtralization process. Filtration would be needod to prevent fouling o plugging of the ion-exchange

 resin. Two columns in parallel would be used. One cdlimn would be on line, while the other column
was being backflushed with treated groundwater. '

The effluent from the mulrimedia filter would then pass through two jon-exchange colurmss

in series. The system would include a third column, which would aliow two-column operation while
one column was being regeneraied. The ion-exchange columns would be regencrated with acidic,

basic, or salt solutions (depending on the resin used). For example, a solution of sodium chloride and |
sodaash;s uscd fm- mgcncrnnon of wn—exchangu}memsuwm mining uranium (DOE 1993a) .

Seties operation of the ion-gxchange columns would allow maximum resin loading and

provide a safery factor against off-specification effluent. Water quality would be monitored after the
first column, as well as after the second. When breakthrough (rapidiy rising contaminant
concentrations) was observed in the first column, the third (fresh) column would be placed on line
(third in series. This would allow the first column 1o be run to exhaustion without any danger of

exceeding effluent specifications. When the first column was exbanatsd, it would be taken off line -

and regenerated. Afier regeneration, it would become the new third column. This operation would
allow more efficient regeneration, which would lower costs. The third mlum would also pmwde
a backup in the event that one column required mainienance.

The treated water would be collected in a surge tank to deterrmine whether it is below the

MCLs for the contaminants, If 50, the treated water would be directed to the Missouri River viaa-

buried gravity flow pipeline. Itlsassmdthalnmﬂow wmﬂdbemuwdvmﬂm:nmgnvﬂoﬂtfaﬂ o

ora new outfal).

' Trcatgbi]ity stdies would be necessary to determine the site-specific effectiveness of
filtration, ion exchangs, precipitation; clarification, and filter pressing. This information would be
used in the final design of the portable treatment unit.

Long- tmmmﬁnimnngofmegroundwmwmldhecmdmdsimﬂarm;hmmmim

in Alternative 2 (see Section4.2). The monitoring program would be carried ot for a period of time - -

specified in the ROD. Standard operating procedurcs used for the currenit monitoring and pesiodic
maintenance activities would be expected to be adopted for the Jong-term ¢ffort. Work area menitors

would be used during activities suchascmhnwvmgmammthatnmum levels in the air are
maintained within established limits,
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Because contarinants would remain on-site in the groundwater at concentrations above

jevels that allow for nalimited use and unrestricted exposure, reviews would have to be conducted |

athutwmﬁwgmmmmmmmmtommqmmﬁhm
healﬂimdth:enmnnmm :

43.1 Overall Protection of Human Health and the Eﬁﬂ:ﬁmt

A.lternauve & would be adequatcly pmtecnveofhuman hulﬂ:and meenwronmant O¥ET |
ﬂmlmgmmbymnuwngmdmmﬁmukmﬁmmm:qumaﬂmﬂmﬁr{m areas

of localized high contaminant levels) to reduce the potential for farther migration-of uranium south
of the Ferme Osage Slough. Under current conditions, the groundwater noeth of the slough pases

1o imminent risk to buman health at the St. Charles County well field or the environment sowhof .- - ..
‘the slongh. Further degradation of the: groundwater within the alluvial aguifer north of the Femme 7~

Om@&mghwmhbemdmdbmmofthnmdmmthEmmnfmmmﬂmﬂwqm
aquifer. Similar to Alternative 2 (see Section 4.2.1), sestoration of the water-beazing zone north of

the slough would be provided by natural attenuation processes and dilution of the- contaminated

groundwater with um:ommnated groundwater drawn from the Missouri River.

The extracted groundwatcr would be trmed to remove uraniutn and other cmltammants .

before being discharged to a permitied point. The uranium and-other contaminants removed from
the groundwater would be uahmmdasnwdedmdplmdmthewssmnn-nmmceﬂ (o

a simnilar off-site facility), which is demgmd to prevent mlgmuon of contaminants- fmmﬂu: <ell to

the environment,

Alternative 6 is not expected to result in any unacccptable impacts 10 bumai health or the

environment during implementation; potenual mpacts are di,sr:ussed in Sections 4. 3 3 and 4. 3 3.

432 Compliance with Potential ARARs

Compliance with potential ARARS for this alternative would be similar to Aliernative 1in

“that the metric of 30 pCil. would not be met for a long period of time; However, action-specific

ARARSs primarily related to construction activities would be attained. Although it is estimated that
underhltemameﬁupml%of@&mmmmﬁmmmqumpnmﬂwmemﬂdh o
ﬂumwdmmmabmammmnwmmmmmmﬁmfam -

mmsmqumymdwmm&mwwmmbﬂw Several existing conditions
at the quarry area contribute to the slow reduction or remaval of uranium from the system. These

conditions are consistent with those mmdered to satisfy -a technical tmpmcucabaht}l waiver

(Goffredi 1997) and are as follows
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1. Contaminants Low in Volatility. The vapor pressures of the contaminants of -
coricern at the QROU — which include nitroaromatic compounds (2,4-DNT
5.1 10"} mm mercury; 2,6-DNT: 1.8 x 102 mm mercwry) and uranium
{vapor pressure efiectively zero because uranium is a nonvolatile solid) - are
all very Iow. Thus these contaminants are considered to have low volatilivy. '

2. Large Volume of Conteminated Media: A large volume of aquifer could
potentially be contaminated, about 0.5 million m® (19 million °).

3. Complex Geology: The aliuvial aquifer contains clay, silt, sand, and gravel
intermixed and intesbedded (DOE 1994b). The fine-grained alluvium itself
consists of silty clay and clayey silt with alternating layers and leases of fine
sand, sandy silt; sindy ¢lay, and stiff clay with grave] (DOE 1998a). '

4. Heterogeneous Underlying Stratigraphy. The shallow groundwater system
is composed of carbonate rocks near the quarry, wibutary alluvium near Little
Femme Osage Creek, and Missouri River stluvium between the quarry biuff
and the Missouri River. Groundwater flow through the saturated carbonaie
rocks is governed by joints and fractures in the underlying limestone (DOE
1994b}. The alluvial aguifer is composed of interbedded clay, silt, sand, and
gravel. o : ' . '

5. Low Hydraulic Conductivity of the Contaminated Aguifer (less than
I x 164 cm/s): The conductivity of the-alluvium north of the slough ranges
from 1 x 107 to 1 x 107 cmis. Pump tests conducted on six wells in the
alluvium north of the slough indicate that yields greater than 1.9 L/min
(0.5 gpm) could not be maintained in four of the wells (DOE 1998a).

6. High Tempural Veriation in Groundwater Flow Regime: Groundwarer flow
in the vicinity of the quarry occurs in alluvium, fractured limestone, and
sandstone, Different regimes of groundwater flow exist within the shallow
groundwater system. '

Farther, EPA guidance (EPA 1988D) states that hydrogeologic constTaints may lirnit the

effectiveness of active remediation when plumes migvate into formations from which they cannot

easily be removed. In these special situations, o active remediation coupled with monitoring and
instittional controls bas been identified by the EPA (1988b) as potentially being the only feasibie
remedy. These situations include sites at which contaminant migration occurs from fractured

" bedrock, as well as sites at which the iransissivity of the aguifer is less than 5.4 x 10°* ms

(50 £64/d). The conceptual fate and transport mode! for the quarry area provided in DOE (19982) -
indicates that the migration of contaminants from the quarry proper occurs via fracture flow into the
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mmchedrockxquers{l(smmwmkhmestone Deoorahl.lmcstnm: andPlamnhmem},-
groundwater movement in limestone in the vicinity of the quarry occurs primmarily within fractures
and Jong bedding planes, The average wransmissivity of the fractured limestone in the quarry area has
been estimated to be approximately 4.9 x 16> m¥s (46 ft%/d) (DOE 1994b). The transmissivity of

_the alluvial aquifer itself rariges from about 4.8 x 107 to 1.2 x 10 m?s (45 to 107 fi2/d) (DOE .
lwﬂa),chhMcmmmﬂmmmshtbeapphcahhaﬂmqumymInwral the
hydraulic conductivities in the alluvium noith of the slough (less than 10 cmvs [u 3 fud]) would
limit groundwater extraction using conventional means.

The EPA {1988b) also indicares that no active remediation coupled with monitoring aad
institutional controls may-be the most practicable response when contaminants are ‘expected 10
aitenuate 1o health-based values in a relatively short distance. For the materials previousty disposed
of in the quarry (from 1957 to 1966), significant contaminant reigration in groundwater to aress -
south of the quarry and up to Femme Osage Slough (a distance of 0.2 ki [0.13 mi]) has not been
detected over the last 40 years, The contaminants in the quarry aquifer system are attenuated by
* sorption, biodegradation, and/or precipitation. Uranium precipitates from groundwater nnder

reducing conditions; reducing conditions also favor the initial depradation of nitroaromatic
- compounds. Near the slough, oxidizing conditions abrupily give way to reducing conditions, defining
'a reduction front along the low-lying, poorly drained area adjacent to the slough (DOE 1998a).

Recent testing of soil and grovadwater from the contaminated area has shown higher K, valuss then

originally estimated. These results indicate that the migration is even slower than was previously -
calculated, which suggests that sorption is a major mechanism in retarding uranium migration. It is
within this relatively short dlsm::e that the contaminants are projected to atenuate to health-based
values.

4.3.3 Long-Term Eﬂ’écﬂﬁ and Permanence

Under current conditions, the mmarmnated groundwater north of the slough poses no
- imminent risk to the St. Charles County well field or the environment south of the slough.
Contaminated groundwater would be removed and treated, which would reduce the potential for
further migration of uranivm south of the Ferune Osage Slongh. The treatment system itself wenald
. be equipped with antomated shutdowe controls, secondary containmeni measures, and effloent
' concentration monitoring. Thﬁecnnunlmeasumwnuldmkqumwmemhumhealﬂtandme :
el.wuuumem should problems suchasaqu:pmut‘mlm leaks, or spills arise,

Mommnngmdmmnmumuﬂuﬁmldhwnedombybﬂﬂfmapmuhfm -

specified in the ROD. Protection of human health and the environment in the extended future would
be ensured, because investigative and menitoring activities by DOE would -continue and allow
consideration of active response measures if future migration of residual contamination resalted in
‘unacceptable exposure concentrations at the well field, The pommal for furlher lmgl‘atwn of
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umﬂmnmhofﬂnFemeDsmswdebemﬁmdbmuwefﬂwmﬁnn’mﬂu:mss-

of utantum in the quarry alluvial aquifer. Unacceptable impacts to human health and the cuvirenment

- are, however, not expected 10 occur on the basis of indications from monitoring data obtained for
. the tast 10 years and current and foreseeable furure land use. ~ :

4.3.3.1 Protection of Workers

Long-tem monitoring and maintenance activities would be carried-out for a period of time
specified in the ROD. Workers would be present on-site petiodically to perform these activities. The
potential impact on sampling personnel from exposure 1o contaminants would be low.

The risks to workers associated with grovndwater extraction, handling weament residuals,

and O&M of treatment process equipment would be low.

Groundwarer extraction and treatment and motitoring acﬁvit_ies aver & 30-year period are
estimated 1o result in approximately 19 cases of occupational injury and ne oceupational fatalities

© (Appendix D); these estimates afe based on industry-specific statistics from the .S, Burean of Labor

Statistics, as reported by the National Safety Council (1995). Standard operating procedures would
be established to define proper treatment system operating parameters and maintenance requiremenis
to ensure the safety and health of the workforce. Alternative 6 would, therefore, pose low long-term
risks to workers. '

4332 Protection of the Public

Following implementation of the two-year grotindwater extraction and treatment phase of
Alternative 6, foutine groundwater monitoring and meintenance activities would ensure that uzanivm
jn the groundwater did not migrate to the 5t. Charles County well field. However, if fufure migrakion
of residual contamination did occur in unaccepiable exposure concentrations at the well field,
investigative and monitoring activities by DOE would continue and allow ‘consideration of
contingency measures. Releases of site contaminants over the long texm &< expected to be low.
Similar to Altemnative 2, unacceptable risks to the general public would not be expected to oecur
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4.3.3.3- Environmental rmuuim (Water Qnalit}' and Eydrohm

Water quallt)r and hydrology, anar:lanvescnle would be better under Almmatweﬁ
compared to Alternative 1. Assuming that the groundwater extraction dnsrmﬂowmcofﬂ L/s
{20 gpm) can be achieved, preliminary calculations (see Section 3.2.2.6) indicate that the two-year
© groundwater extraction and treatment activiry propesed in Altemative 6 would result in an 8 to 10%
.reducucrnmthemassufumuummﬂmalluﬂalaquer,mddwebyanﬂmlﬂ%reducnnnmth:
uranivm ounpeuu‘auonatamngle county well. :

434 Reduction of Toxicity, Mobility, and Vohume through Treatment |

Mmuwﬁmﬂdsmu&hmﬁmmhmmtuampﬂdmmﬂ _'

remedistion and would provide a redtiction in the toxicity, mobility, and volume of the contarninated -
groundwater through treatment, Alteruative & would reduce mobility by hydraulically controlling .
contaminated groundwater migration north of the Femme Osage Slough through extraction of -

contarinants. The mobility of uraniura and other contaminants removed by ion exchange would be

" minimized by subsequent disposel at an approved facility. Other treatment residuals (such as settling

tank sludge) may be solidified in cement prior to disposal. The reduction in volume of contaminated
groundwater is equal to the volume treated (which is equivalent to the design flow rate of 1.3 L/s.
[20 gpm} multiplicd by the operation time), approximately 80 million liters (20 million gatlons) by
the end of the two-year period. Uranium removal from the quarry groundwater would reduce the
threat posed by groundwater migration south of the slough. Groundwater modeling using analytical
methods indicates that the effect of the extraction system can reduce the mass of uranium within the
alluvial aquifer by B to 10% reiative to the baseline (i.¢., no action). | '

4.31.8% Shurt-_Term Effectiveness

msksmwmkmwmﬂdbednepnmuﬂymph)smﬂhmmmgmmm
Construction activities are sstimated to result in less then two cases of occupational injury and no
' occupational fatslities (Appendix D). This estimate is based on industry-specific statistics from the -
U.S. Burean of Labor Statistics, as teported by the National Safety Council (1993). Physical hazards:
would be minimized by adherence to stringent health and safety protocols.

Minimal environmental irnpacts would result from interceptor trench construction. The
 primary impact to the environment would be associated with installation of the interceptor trench
and construction of a piping system to transport groundwater from the trench for treatment. These
activities may result in physical distarbances of habitat, but wonld be of short duration. Some shoxt-
term impacts on recreational use of the surrounding wildlife arcas might occur as a result of noise,
exhaust fumes, and dust associated with any construction activities, Impacts to biological resources
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~ would beé mitigated by avoiding unnecessary damage to vegetation, wildlife, and soil through

controlling weaffic and minimizing the areas of disturbance.

During construction of the interceptor trench and the additional monitoring wells, the

' _ammm;ofcritgﬁapullmamscnﬁnadasammﬂtofequipnmmﬁmsmdmmmﬁm(hyw}

of the construction personnel to the quarry area would be low (¢.g., less than 3,000 kg {6,600 Ib] of
NO, eritted during the entize construction period [Appendix D]), and a5 such, would net contribute
to any off-site health impacts, Emissions of TSP were estimated to be approximately 22,000 kg
(48,000 ib), assuming that all vehicles traveled over unpaved roads withoul any control measures. -
Vehicle traffic on unpaved surfaces, earthmoving, excavating, and bulidozing would be the major

sources of TSP. TSP generation during actual comstruction activities would be suppressed by
watering, revegelation of bare areas, covering of open trucks carrying dusty mawerial, removal of dint

. and debris from the road surface, and the use of containment methods whenever feasibie.

Accounting fmmmﬁmmﬂwmumtmﬁmmdmﬂmmm

" the annual emission rate. of criteria poliutants from worker vehicles would be low {e.g., less than’

100 kg {450 Ib] per year of CO emitted [Appendix D}) and would not contribute to &ny off-site
health impacts. These temporary impacts would be lirited to the immediate vicinity of the quarty
area, and mitigative measures would be applied to ensure minimal impacts to off-site areas. '

4.3.6 Tmplementability

: Few impiﬁmnmbility concems would be posed by Aliernative 6. Because groundwater

. extraction and treatment are well-developed technologies, technical problams are not likely to cause

significant delays. One possible problem considered is the potential for the groundwater extraction
system 10 not achieve the design flow rate of 1.3 L/s (20 gpm). This situation could result in schedule
delays. Site opetations would continue -to use readily available resources for monitoring.
Construction of any new monitoring Wells would simply require mobilization of 2 drilling rig for
instaliation. Minimal administrative complexities, inchiding permit applications, would be associated

" with monitoring well instafiation. Discharge of treated groundwater into the Missouri River would

likely reguire coordination with other agencies such as the EPA and the Missouri Department of
Natural Resources. . :

Potential use of the QWTP and associated dascha:gepmmswmﬂdmduceﬁmmhmmt

technical difficulties in licensing wastewater treaftisnt facilities. T the event that the QWTP is.

unavailable, groundwater treatment services are commmercially available, and equipment and
specialists are available within DOE and private industry. The groundwater treatment technologies
considered for the portable unit are well developed and proven effective from QWTP operations.
Further development of these technologies would not be required before they could be applied at the
site. Disposal servioes would be available within the WSSRAP on-site disposal cell. '
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Groundwater mmngwﬂdherudﬂy mﬁmd. Numerous wells currently exist st

ﬂmqumymmdmunnﬂwdkmﬂdhmﬂymMmdmimm;ﬂphM&

' rmgratmnwuuldhemlaﬂvelymymmplem The results from sampling of the existing network

of monitoring wells wonld be used to identify the potential for significant exposure before it -
occurred at the well field, Therefore, taking additienal actions priot to significant exposure at the

‘well field would be relauw:]y casy.

The administrative feasibility of Alternative 6 would be relaively stra:gh-tforwnrd

Remedial activiries at the Weldon Spring site are coordinated with the State of Missouri and EPA -

Region VI, That coordination would continue during the implementation of Aliernative 6, ‘and no
additional coordination for monitoring activities would be requited with any other agencies beyond
that alread},r occurring.

New mmumhmmfmmﬁhmvmm;htbemqummm@th6 p

State antlfor federal permits may be required for an off-site contractor to bring its portable treatment
unit to the Weldon Spring site. License acquisition (for temporary possession of the uranium
removed in the portable treatment unit) may be required by the off-site contractor to implement this
alternative. '

43,7 Cost

. Costs for this alternative would be associated with continuing the existing environmenta]

monitoring program, constwucting and operating groundwater sxuzction and treatment systems (if
the QWTP is unavailable), constricting and opsrating possible new monitoring wells, and

conducting a performance review at least every five years. Feasibility-levet cost r.sumatc.s were:

prepared using standard case—csmnalmg SOUrces.

The costs for in&ividuﬂ constraction activities wn‘e taken ﬁ'omthr. latest version of the
Unit Price Book developed by the U.S. Army Corps of Engineers (1989), except as noted below. A

costdlffmnuﬂwasmcludedmmmfmmedlﬁﬂenmammnmalmdlahormfnﬂhe-

Weldon Spring site, as compared wnh the generic Unit Price Book costs.

Cost estimates for major equipment used in the portable treatment units were obtained from
vendors that supplied portable wastewater treatment modules (¢.g., skid-mounted ujits) and by
making engineering judgments. Trailer costs were obtained from suppliers and were adjusted to
account for special process requirements. Costs for a parking pad with secondary containment were

estimated with standard cost engineering references (R.S. Means 1994). It was assumed in the

. development of the costs of the portable treatment uaits that utitities would be available at the quarry
site, that only tie-ins would be negessary, and that administrative support wnuldbeproﬂd:dby
DOE/WSSRAP. :

——
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mmmmmmt—wmhmﬁtMmmWﬁmmeableu annual
costs are estimated (o be approximately $0.6 million. The capital cost of Alternative 6 is estimated
to be between $1 and $2 million (Appendix E), depending on whether the QWTP and the lower-cost
single-pass trench mnstmcumarcused"l‘hccaplul cost would be primarily for the installdtion of
the inmreeptor trench. Theccstnfth:l3-Us(20-3pm}tm1crmuunmdwmmamm1tunitw .
tsnm.atedtobeapprommatelySOﬁmﬂlmn .

hdudmgﬂwannualopammgcostoflhepoﬂabl&ﬁeahmntmﬂtmdmuﬁmwd '
grovndwater monitoring, the anaual Q&M costs are estimaled to be between SOﬁm:lhnu and
%1 million per year, deperding upon the mode of treatment (QWTP versus portabie units) and
whether the costs of groundwater monitoring are included. The annval O&M costs would be
primarily for groundwater treatment {which ranges from $0.4 to $U.5 million per year).

TABLE42 Cost Estimate for Alternative 6

 Estimated Cost

Activity (S million)
Groundwater extruction construction 14
Groundwater trestment construction® D61
* Ground monitoring well construction® 0.13
Groundwater extraction O&M . D22
Groundwater treatment O&M "~ D.B410091
Groundwater monitoring® S Owlls
- Total® L 2610 WY
Present worth® _ _ 23t093

a Thnhlglmmdufﬂiempmﬂhemmdifapomhie
treatment unit is necessary.

b Based nncmsuumunofmgnnewwells.

¢ Estimated upper-bound cost for & 30-year period,
assumning current sampling froquency for the existing
network of monitoring wells. Any reduction in duration
of monitoring, sampling frequency, or mumber of wells
sampled would resuit in a propostional reduction in cost.
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Excluding the D&D costs of the QWTP and the portable treatment uits (whish aze highly
speculative in the case of the portsble unit), the 30-year present warth of Alternative 6 is estimated
_torangbetwecnﬁmiliiunandﬂpmﬂlim ' : S

: mmummmmmﬂmmmﬁms,mmmtmmnﬁumuf
- residual contamination did resuit in unscceptable exposure concentrations, were ot quantified

: mmwmmmmmmmmﬁmmmmwﬁmm
costs, : o : '
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' 5 COMPARATIVE ANALYSIS OF ALTERNATIVES

A comparison of the altermatives with regard 1o the nine evaluation criteria listed in

* Chapter 4 is presented in Sections 5.1 and 5.2. These crilzria are categorized into the following three

groups as stipulated in the NCP: threshold criteria, primary balancing eriteria, and modifying critetia.

The threshold catzgory contains the twommthat each slternative must meet in order to
be eligible for selection: . S

+  Overal! protection of human health and the environment; and
+ Complianice with ARARs; uless a waiver condition applies.

These threshold criteria ensure that the remedial action selectzd will be protective of human health
and the eavironment and that the action will either antain the ARARs identified at the time of the

ROD or provide grounds for obtaining a waiver,

The primary balancing category contains the five criteria that are vsed 10 assess the relative
advantages and disadvantages of each alternative to determine which alternative is most appropriate: -

+  Long-term effectivencss and permanence;
_ . . Reduction of toxicity, mobility, or volume through treatment;

» Short-term effectivensss; _

+  Implementability; and

+ Cost.
mmtmpmm_mmmmmmmmuapﬂmmmmmwﬂ-
off-site land disposal of ubtreated waste. Cost-effectiveness is determined by evaluating the
following three of the five balancing criteria: long-term effectivencss and permanence; rdnetion of
toxicity, mobility, or volume through treatment; and short-tern effectivenass. Overall effectiveness

ismmmpmdwimcmmmmmﬂﬂmcmmprmﬁmdeovmueﬁmﬁmwf
a remedial action. '

s e i skt w1 [ bttt e S
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: The modifying category consists of two criteria that are considered in remedy selection atid
that will be addmssedmﬂuremmmmnmymdkﬂnmbepmpuﬁfnﬂmg the public
comment period:

+  State acceptance; and
»  Community acceptance.
The 1wo modifying criteria are not addressed in this comparative analysis,

The three final alternatives r&amdaﬂermning are compared in Sections 5.1 and 5.2
for the threshold and primary balancing criteria, raspew'-rcly The sesults of this comparison are
summanzed in Table 5, I

5.1 THRESHOLD CRITERIA -

511 ﬂveraliPmtemmmeumHmithandtheEnﬂrmmt

Altemauvtlwuuldbepromuvenfhmnanheaiﬂ:mdm:mmmmombmhﬂmshm
audttwlongtemUndercunmtmndmm,thegrmmdwatcrnmhofm:sloughpmmummmm'
risk to human health at the St Charles County well ficld er the environment south of the siough, on
the basis of sampling data from the monitoring wells south of the slough and from the St. Charles
County production welis, Although groundwater data would not be collected lnthﬁfunmb}'DDE
current data indicate that unacceptable exposure conceniralions would not be expectad to occor at
the well field. Estimation of the uranium concentration that would oceur in the St. Chartes County
watcrsuppty.assummgﬂmtﬂnmwahc&kﬂmughofﬂm contamination past Femme Osage Slough,
indicates that the uranium concentration would oot exceed 21 pCﬂLmthewelldlscharge which
: wuu!dbcbelowthememcofmm

Alternative 2 would also be protective of human health and the environment over the long
term. However, under this altemative, monitoring and investigative activities by DOE would identify
any potential future plume migration and any variations in local geochemical conditions (¢.8., Eh
pH) that could adversely affect removal of contaminants from the groundwater by absorption,

adsorption, precipitation, biodegradation, and other oatural processes, The results from monitoring
activities would be used to assess the attainment of remediation goals and to track chemical
distribution in the water-bearing zone.
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Aliernative 6 would reduce the-volume of contaminants through treatment and be protective
ofhummmmm;mmt.mﬂwlqngmﬁhMmﬂimzmmmd
investigative activities by DOE under Alternative 6 would ensure that the remediation goal of
providing further protection of the 5t. Charles County well field would be met and that the
contaminant dis.__tﬁbuﬁnn in the water-bearing zone would be tracked. Contingency measures

- described in the Well Field Conringency Plan (DOE 1998¢) would be considered to prevent

mamepmﬂeexposummenmﬂm:SLChﬂlﬁCmmtgwﬂlﬁdd.Oumehasisofﬂwmstﬁts

summarized in Section 1.3, which are based on indications from monitoring data obtzined for the

last 10 years, unacceptable impacts to human health and the environment woulid not be expected
oceur. As with Alternative 1. unacceptable impacts 1o human health and the environment would not

" be expected to occur under Alternative 2.

Under Alternatives 1 and 2, the currently contaminated groundwater would not be removed
or treated. The overall protedtidn of the enviroment in the Jong term would be provided by the slow -

" reduction of contaminants by natural processes, including dilution from infiltration of rainwater and

runoff and from sporadic local flooding.

5.1.2 Compliance with ARARs

A 'compréhgnsive fist of potential ARARS is prﬁenmd in Appendix A. Altemnatives | and
ZwmudnmmmnappucahkquMEMMfWZ,¢DNmemwm,
fo.raperiodoftime.CmtmmMmufZ&thumemmmaﬂym

: thantl_mstand'arduf[}.llpgal.ln'a'dditinn,-aperiodafupml,momsmdbemqﬂmdfm

uraninm concentrations to decrease to 30 pCi/L. and below. For Alternative 6, some reduction (i.e.,

up to 10%) of the original contaminated volume would. be aained. In addition, under this

alternative, a shorter period of time than that estimated for Alternatives | and 2 may be expected for

the uranium concentration to decrease to 30 pCi/L. However, the uncentainties associated with the .
degree of groundwater extraction and subsequent uranium removal makes it difficult to provide &

reasonable estimate of this time period. ' -

The groundwater north of the slough cusrently poses ne imminent risk to imman health at
the St. Charles Couniy well field or to the environment south of the slough. In the future, the
concentration of contaminants in the area of the quarry will continue 1o decrease with time because
of the removal of the original source of the contamination from the quarry, reduction and
precipitation of uranium in the groundwater adjacent o the slough, and dilution from infiltration of
rainwater nd runoff and from sporadic local flooding. In addition, contingency measures discussed
in the Well Fietd Contingency Plan (DOE 1998c) will be considered to ensure Jong-term protection
of hurnan health and the environment.
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Amwﬁuummﬂmmﬁummmmmdumﬂn
on-site at copcetitrations above levels that allow for unlirnited use and unrestricted exposure. -

Alismative 6 would be similar 1o Alternative 2, except that some amount (about 10%) of
uranium is expected to be removed from the current existing mass in quarry groundwater north of
the slough. In addition, conditions at the guarry area are: similar to those described in E.PAgmdancc '
as sansfymg technical lmpracucabahty

5.2 PRIMARY BALANCING CRITERIA

521 Iang-TermEffectivenﬁs and Fumnneuu

Under curent mndmnns. H:ne contmmatﬁd groundwmr north of the slough poses no
imminent risk to the St. Charles Counity well fisld or the environment south of the slough. Although
contaminant concentrations would not be determinéd by DOE and, therefore, not available in the
future, it is expected that unaceeptable impacts 1o human health and the environment would not
occur.

Under Alternative 2, monitoring and mainienance activities would be carried out at the
quarry area for an indefinite period, which would provide adequate and reliable controls to manage
the groundwater north of the slough. Long-term effectivencss of Alternative 2 would be ensured
because investigative and monitoring activities would continue and would allow consideration. of
active Tesponse measures (via the Well Field Contingency Plan [DOE 1998¢]) to prevent
unacceptable exposure concentrations from occurring at the well field. '

The long-term effectiveness of Alternative § would be similar if not better than that of
Alternative 2 because of the reduction in the amount of uranium that could potentislly migrate
toward south of the Femme Osage Slough into the St. Charles County wetl field. The treatment
system itself would be equipped with automated shutdown controls, secondary contsinment
measures, and effiuent concentration monitoring. These control measures would adequately protect
human health and the environment should problems such as equipment failure, leaks, or spills arise.

5.2.2. Reduction of Toxicity, Mobility, or Volume through Treatment
Reduction of wxicity, mobility, or volume through treatment is not applicable to either

Alternative 1 or 2, since the contarinated groundwater would not be treated under either of these
aliernatives. Reduction of contaminant ¢concentrations north of the slough would be the result of
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from infiltration of rainwater and rinoff and from sporadic local flooding. .

 Altemative 6 would saisfy the statutory preference for ireaiment as a principal element of
remediation and would provide a reduction in the toxicity, mobility, or volume of the contaminated
groundwater through treatment. Alternative 6 would reduce mobility by hydraulically controlling
contaminated groundwaier migration north of the Fémme Osage Slough through extraction of
contaminants. The reduction in voluine of contaminated groundwater would be equal to the volume
wreated {which is equivalent to the design flow rate 1.3 L/s {20 gpm|] multiplied by the operation-
time), that is, approximately 80 million liters (20 miilion gallons). Groundwater modeling using
analytical methods indicates that the effect of the extraction system may reduce the mass of uranium
within the alluvial aguifer by 8 to 10% relative to the baseline (i.e., po action).

£2.3 Short-Termn Eﬂegtlvmess
- For Aliemaﬁw l; conditions would essentially remain the same in the short term, and no

significant changes in potential exposures would be expectad because no activities would be
undertaken. No potential impacts would occur to workers or the environment under Alternative I.

The short-term impacts for Alerative 2 would be expested to be low; less than one case
of occupational injury and no occupational fatalities would occur during proposed monitoriag well
construction. Potential short-term environmental impacts resulting from implementation of
Altenative 2 would be limited to the immediate vicinity of the quarry area, and itigative measures
would be taken to ensure minimal impacts to off-site arcas. o

Sirnilar 1o Alternativé 2, the short-term impacts for Alternative 6 would be expected to be

low, with less than two cases of occupational injury and no occupational fatalities due to physical

hazards during construction activities. Potential short-term environmenta} impacts would be limited

to the imrnediate vicinity of the quarry area (excluding the excavated soils froim trench excavation

' that would be managed at the chemical plant arca at Weldon Spring), and mitigative measures would
be taken to ensure minimal impacts to off-site areas. _ '

1 bas been estimated that remediation goals would require at least 100 years, on the basis
of comparison with active remedjation efforts. L
5.2.4 Implementability

No implementability concerns would be posed by Alternative 1 becanse no action would be
1aken nor would any future activities be considered. Alternative 2 would pose few implementability
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concems because resources would be readily available for groundwater monitoring, and additional
wells could be easily installed, if appropriate. Monitoring the effectiveness of Alternative 2 wosld
be relatively easy to implement. The administrative feasibility of Alternative 2 would be relatively

straightforward, and no permits or licenses would be required. : '

Few implementability concerns would be posed hy Alwernative 6, Groundwater extraction -
and treatment are weli-developed technologics. Potential use of the QWTP and its associated
discharge point would reduce the inherent technical difficultics in licensing wastewater treatment
facilities. In the event that the QWTP is. unavailable, groundwater treatment services are
commercially available, and equipment and specialists are available within DOE and private
industry. The groundwater treatment technologies considered for the portable unit are welt developed
and proven effective from QWTP operations. Further development of these: technologies will not be
reguired before they can be applied at the site. Disposal services would be dvailable within the

' WSSRAP on-site disposal® cell.- Similar”to - Altemative 2, the administrative feasibility of - RN |

Alternative & would be relatively mghtforwm New permits or licenses for on-site activities
might, however, be required for an off-site contractor to bring its portable treatment unit to the
Weldon Spring site and for temporary possession of the uranium removed in the portable treatment
unit.

52.5 Cost

Altemative 1 would be the least expensive alternative in the short term because no activities
would be undertaken and, thus, no present-worth, capital, or annnal O&M costs would be incurred.
Howevar, total éosts could be the highest in the long term if, although unlikely, contaminated
groundwater from the quarry area traveled south of the slough in high concentrations. Because all
- monitoring and investigative activities by DOE would have been halted, if conditions. worsened
considerably over time, anexpenswemgmcyandfmﬂpandadmponsem:glnbemumdmthe
future. Thus, the cost-cﬂ'ecuvems of the No Action Almamremuld be considered 10 be low in -
the long term.

ﬁdmmcmﬁwmmnﬂdforﬂmmﬂmimﬂﬁforcampumwm Finat
costs will be developed during the detailed design stage following remedy selection. The total cost,
long-term menitoring costs, and present-worth costs for Alternatives 2 and 6 are summarized in
Tables 4.1 and 4.2, respecmrely :

_ Compared w1th ﬁltemame 1, Alternative 2 is considered to be the more cost-effective
alternative becsuse it would provide overal] protection of human health and the environment for a
reasonable cost. Costs for Altemative 2 would be associated with continuing the existing environ-

mental monitoring program, constructing and operating any proposed new monitoring wells, and
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conducting a performance review at least every five years. Altemative.2 could be implemented with
existing resources and maintained at & relatively low cost. _

. Alternative 6 can be considersd to be more cost-sffective compared with Alternatives 1 and
2, because uranium would be removed from the groundwaler at a reasonable cost. It minimizes
mmmmuﬂmmexpendimmhymaﬁnsmofuisﬁngmmm such as the QWTP and it
associated permitted discharge point. Costs for Alternative 6 would be associated with coptinuing
the existing environmental monitoring program, constructing and opérating groundwater extraction.
and treatment systems (if the QWTP is unavailable}, constucting and operating possible new
monitoring wells, and conducting 2 performance review at least every five years. Given site
experience with the QWTP and the Site Watar Treatment Plant (SWTP), Alternative & could be
primarily implemented with existing resources and maintained at a long-tern cost sitailar 10

] _Aim_atiwe 2.

5.3 SUMMARY

: The three final alternatives satisfy the threshold criteria for protecting humnan heaith and the
environment and would attain coritaminant-specific ARARs after a period of time. The monitorng.
component of Alternatives 2 and 6 would provide data to verify long-term protection of buman
health and the environment in the extended future. All altematives would allow consideration of
contingency measures to prevent unacceptable exposure concentrations at the well field. Any short-
serm impacts associated with Alternatives Zmdﬁwmﬁdbcmnwomymdﬁmhedmthe-hmm
vicinity of the quarry area, and mitigative measures would be applied to ensure minimal impacts o
offsite areas. Alternative 6 would satisfy the statutory preferences for treatment as a principal
element of remediation and would provide a reduction in the toxicity, mobility, and volume of the
contaminated groundwater through treatment. Implementation of Altemnative’ 2- would be
straightforward because it would invoive the groundwater monitoring system established at the
quarry area and would not require any permits or licenses for on-site activities. Implementation of
Alternative § would not be as straightforward as Alternative 2, since new permits or licenses might

be required if a portable reatment unit.is required. Alternative 6 is considered to be the more cost- -

effective aliernative because uraninm would be removed from the groundwater at a reasonable cost.
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APPENDIX A:

REGL‘I..AT’DRY REQ‘I.."IREMIENTS POTENTIALLY APPLICABLE UR
"RELEVANT AND APPROPRIATE TO THE REMEDIAL ACTION

A1 INTRODUCTION

The U.S. Environmental - Protection Agency (EPA) has promulgated implementing
regulations for the Comprehensive Environmenial Response. Compensation, and Liability Act
(CERCLA), as amended: these reguiations are presented in the Nationai Oil and Hazardous:
Substances Pollution Contingency Plan (NCP) (40 Code of Federal Regulations Part [CFR} 3001,

~ This feasibility study. (FS] follows the feasibility study process for sites on the National Priotities-

List (‘NPL} Under this process; remediation alternatives for the quarry residuals pperable unit
{QROU} were developed on the basis of remediation goals and potentiajly suitable technologies. The
short-term and long-term aspects of three criteria (effectiveness, implementability, and cost) guided,
as appropriate, the development and screening of alternatives. Alternatives that remained after this
initial sereening were analyzed in detail by assessing the individual alternatives against each of the
nine evaluation criteria, including compliance with “applicable or relevant and approprate
requirements” [ARARS).

The NCF spexifies that the evaluation of alternatives for remedial action at an NPL site
must include an assessment of whether the alternatives will attain ARARs under federal
environmentat Jaws and state environmental or facility siting laws or grounds for invoking one of
the waivers {40 CFR 300.430{e)(9Kii}B)) must be provided. To be eligible for selection as the
remady for an NPL site, an alternative must attain - ARARs unless a waiver is appropriate (40 CFR
300.4 30D 1K1K A)). Other advisories, criteria, or guidance developed by the EPA, other federni.
agencies, or states, which might be useful for developing the remedy for an NPL site, can also be
considered as part of the altematives evaluation {40 CFR 300.400(g)(3)). These other measures are
called “to-be~considered,” or TBC, requirements.

The ARARS are standards properdy promulgated under federal or state statutes that might
be applicable or relevant and appropriate to all or part of the action. Only those state requirements-
that are (1) promulgated such that they are of general applicability and legally enforceable, (2) idenii-
fied by the state in a timely manner, and {3) more stringent than federal requirements will be
considered ARARS (40 CFR 300.400 (g)(4)). The TBCs are standards or guidelines that have not
been properly promuigated (i.e., a process including publication, comment, and forrnal adeption
under applicable federal or state administrative regulations}. The TBCs would inchide
U.S. Department of Energy (DOE) Orders or proposed state or federal agency regulations that might
be pertinent to the action being considered. In addressing a requirement that might affect a remedial
action being considered for a site, 2 determination is made regarding its relationship to (1) the
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location of the action, (2} the mmannnams mvolved and (3) the SpeClﬁC components of the action, -
such as factors unique 10 a certain technology. :

Any regulation. standa:d requuement. criterion, er limitation under any federa] or state
environmental Jaw o state facility siting law may be ¢ither applicable or relevant and appropriate _'
1o 2 remedial action, but not both. Applicable requircments are cleanup standards; standards of

- controd; or other substantive environmental protection requirements, criteria, or limitations promul-
gated under federa! or state laws that specifically address a hazardous substance, pollutant,
contaminant, remadial action, location, or other circumstance at a CERCLA site (40 CFR 300.5).
Reievant and appropriate requirements are cleanup standards, standards of control, or other sitbstan-
tive environmental protection requirements, criteria, or limitations promulgated under federal or state
Jaws that are not appiicsble but that address problems or sitvations sufficiently similar to those '
encountered at the CERCLA site that their use is well suited vo the particualar site (40 CFR 300.5). -

" Ifthe requirement is not legally applicable to ‘the remedial action, a detefmination must be made as |

to whether the requirement is both relevant and appropriate. For this determination, the requirement
must.be considered sofficiently similar 1o the circumstances of the action, and it must also be well
suited to the site. The requirement must be both relevant and appropriate, based on best professional
judgment, and in some circurnstances, a requirement may be relevant but not appropriate for the site-
specific situation. Under the NCP, the following comparisons must be made to determine relevance
" znd appropriateness:

The purpose of the requirement and the purpose-of the CERCLA action;

. The medium regulated or affected by the requirement and the medium
contamninated or affected at the CERCLA site;

« The substances regutated by the requiremnent and the substances found at the
CERCLA site;

+ ‘The actions or activities regulated by the requirement and the remedial action
contemplated at the CERCILA site;

» Any variance, waivers, or exemptions for the requirement and their
availability for the circumstances at the CERCLA site;

* The type of place regulated and the type of place affected by the release or
CERCLA action; . '

+ The type and size of structure or i"'eu:ilitﬁr regulated and the type and size of
structure or facility affected by the release or contemplated by the CERCLA
site;
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« Any consideration’ of use or potential. use of affected resources in the
- requirement and the use or potential use of the affected resource at the
CERCL A sits. ' : :

On-sits actions must comply with all substantive provisions of an ARAR, but not with
related administrative and procedural requirements (c.g., filing reports or abtaining a permit). Ouly
applicable requirements are evaluated for off-site actions, whereas both applicable and relevant and
appropriate requiremenis are evaluated for on-site actions. On-site includes the areal extent of
contamination and all suitable areas in very close proximity to the contamination necessary for
implementation of the response action. This would include any activity within the quarry area and

other areas contarinated by the migration of a hazardous substance, pollutant, or contaminan from
any of the areas under the custody and accountability of DOE. No permit application would be

MECESSary for any gn-site activities, even _i_f the response action could result in discharges or releases
" that sibsequently migrate beyond site boundaries (Browier 1995). '

Potential TBC requiremants.are typically considered only if no promulgated requirements

 exist .that are either applicable or relevant and appropriate. TBCs are to be used on an “as

approptiate” basis, such as when ARARs do not exist for a contaminant or circumstance (55 Federal
Register [FR] 8745; March 8, 1990). Becanse the Weldon Spring site is a DOE facility, applicable
DOE Orders, standards, and guidance will be followed, irrespective of their TBC dcsignaliu_n?._unﬂ:r_

the ARAR process.

For groundwater remedial actions, CERCLA Section 121(d) states that a remedial action
will -attain a level or standard of control established under the Safe Drinking Water Act (SDWA),.
where such level or standard of control is applicable or relevant and appropriate to. any hazardous
substance, poliutant, or contaminant that will remain on-site. The enforceable standards under the
SDW A are maximum contaminant levels (MCLs), which represent the maximum permissible level
of 2 contaminant that is delivered to any user of a public water system. Because MCLSs are usually
only legally applicable under the SDWA to the quality of drinking water at the tap, there will be few

‘instances ift which MCLs are applicable to cleanup of groundwater at a site. For this reason, MCLs

are generally considered “relevant and appropriate” to groundwater that is or may be used for
drinking. . o .

Section 121(d) also states that remedial actions shall atain maximum contaminant Jevel
goals (MCLGs) where such goals are relevant and appropriate o the circumstances of the release,
It is the EPA’s opinion that where an MCLG establishes 2 contaminant level above zero, it is
appropriate and consistent with CERCLA language to consider the MCLG as a potential relevantand -
appropriate requirernent, with determinations to be made ona site-specific basis as to the relevance
and appropriateness of meeting that level under the circurnstances of the release. When an MCLG
is determined not to be relevant and appropriate to the circumstances of the release, the
corresponding MCL will be considered a potential selevant and appropriate requirernent and will be
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- evaluated under the circurnstances of the release. However, where an MCLG is equal 1o 2ero level
of contaminants (as is the case for carcinogens). the MICLG is not “appropriate” for the cleahupof
groundwater at CERCLA sites. In such cases, the cormesponding MCL wili be considered as a
potential relev am‘. and, appropnatc mqmrem:nt

Under the NCP, an altenate concentration limit (ACL) may be esiablished in accordance -

with CERCLA Section 12 1{d}2XB)(ii}. The EPA maintains that ACLs should be used onty when
. active restoration of the groundwater to MCLs or nonzero MCLGs is not practicable. The availability

of institutional controls in itself is not sufficient reason to extend the allowance for levels above
drinking water standards or nonzero goals: rather, institutional controls are considered as the sole
remedy only where active remediation is not practicable. The EPA’s policy for groundwater that is -
or may be used for drinking is as follows: if relevant and appropfiate requirements exist (i.e., MCLs
and MCLGs), & waiver is generally aseded for cases in which they cannot be attained. However, if
a situation fulfills the criteria for ACLs, itctiding a finding that active restoration of the groundwater -
to MCLs or nonzero MCLGs is deemed nmmhepm:ncabie documenitation of these conditions for
the ACL is sufﬁcmnt and addnmuai documentation of 4 wajver of the MCL or M(.‘LG is hot

nccessary

The ACLs may be established where remediation of the groundwater is not practicable. The

EPA Directive 9283.1.2FS, “A Guide on Remedial Actions for Contaminated Ground Water,” sets '

out factors that may cause active restoration to be impracticable or not cost-effective, including the
following:

v Widespread plumes.s;_lth a$ industrial aréas, mining sites, and pesticide sites;
. H}fdmgeulogmai constraints such as fractured bedrock or & :rmsmusswny of

tess than 4.6 m¥d (30 ﬁzfd]

s Contaminant-related factors such as the presence of dense, nonaqueous-phase
hquzds, and

» Physical/chemical factors such as partitioning to soil or organic maner.

However, CERCLA 121(d)(20)(B)(ii} restricts the use of ACLs to groundwater that discharges o
nearby surface water and canses no statistically significant increase in contaminants ini the surface.
watet. In addition, provision must be made for enforceable msﬂmunrnal controls that prevent access
to the contaminant plume. :

Another p{évision of the preamble of the NCP states that the EPA agrees that meeting the
conditions and requirements associated with a variance or exernption provision can be 2 means of
compliance with an ARAR. Subpart B of 40 CFR 192 on Standards for Cleasup of Land and




o il — i ] " kil el

A7 ' _ March 17, 1998

Buildings Contaminated with Residual Radicactive Materials from Inactive Uranium Processing

- Sites provides for ACLs if DOE has detenmnined that the constituent will not pose & substantial

present or potential hazard to human health and the environment as long as the ACL is not excesded
and the U.S. Nuclear Regulatory Commission has concurred (40 CFR 192.12). In considering the

. present or potentiat hazard to human health and the environment of ACLs, the follamng factors shall

be mnsmered
1. Potential adverse effects on groundwater quaiit}', considering:

{i}  The physical and chemical characteristics of constituents in the residual
radioactive material at the site. including their potential for migration:

- (i) -Théjhgdrqggnlggigﬂ;_ghm'a_cmﬁ_stics of the site and surrounding land; -
(iii} The r;luamity of groundwarer and the direction of groundwater flow;
(iv) The proximity and withdrawal rates of groundwater usets;

(v) The current and future uses of groundwaier in the region surrounding
the site. -

(vi) The existing quality of groundwater, including other sources of
contamination and their cumulative impact on the groundwater quality;

{vii} The potential for health risks caused by humnan exposure to constitents;

{viii) The po:ent:a.l damage (o w1ld11fc. crops, vegelation, amd physmal
© structures caused by exposure to constituents;

(ix) The persistence and perman:ﬁce of the potcutial adverse effects; |

(x) The presence of underground sources of drinking water mdexcmptcd
aquers identified under 40 CFR 144.7; and

2. Potential adverse effects on hydranlically connected surface water- qualﬁy
considering:

(i) The volume and physical and chemical characteristics of the residual
radioactive material at the site;

(it} The hydrogeological characteristics bf tﬁe site and suwrrounding land;




A8 _ March 17, 1998
(iity The quantity and qunht}' of g:rnundwater, and the dlr:ar:uun of
Lo gmundwater flow; B
(iv) The patterns of rainfall in the segion;
(v) The proximity of the site to surface waters;
{\%i) Thecu:rentandﬁmir:mofwfmwﬂersinﬂwmgimsmmdigg S
the site and any water quality standards established for those surface -

WIALETS,

~{vii) The existing quality of surface water, including other sources of
contamination and their cumulative impact on surface water quality:

(viii} The potential for health risks caused by human exposure to cun_st_ii:ucnts;
(ixi The poiential damage ‘to wildlife, crops, vegetation, and physical
strictures caused by exposure 10 constituents; and '

(x) The persisl:ence and permanence of the potential arlw_.rérse effects.

Therefore, if after consideration of these factors, it appears thag the criteria for astabl:s]nng an ACL
are met, the ACL is established as the ARAR. -

In addition, theses regulations for addressing contaminated groundwater at inactive uraniom
processing sites also provide for supplememal standards whr.n one or more of the following cntena
apply (40 CFR 192.21):

1. Rernedial actions would pose a clear and present risk of injury to workers.or -
to members of the public; '

2. Remedial actions would, notwithstanding reasonsble measures to limit
damage, directly produce health and environmental harm that is clearly
excessive compared to the health and environmiental benefits, pow or in the
future;

3. The estimated cost at a “vicinity” site is unreasonably high relative to the '
" long-term benefits, and the residual radioactive materials do not pose a clear
present or fucurs hazard;

4. There is no known remedial action;.
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© 5. The restoration of groundwater quality is technically impracticable from an
" engineering perspective; or C

- 5,. The groundwater is not a current of pbtentia] source of drinking water (Eased
on concentrasions of total dissolved solids, widespread, ambient
contamination or the quantity of water reasonably available @0 CFR
192.11(e).

If these criteria are met, 2 suppl:m&ntal standard established in. accordance with the regulation
(30 CFR 192.22) would become the ARAR. :

The point of compliance for groundwater cleanup standards is at appropriate locations in

_the groundwater (40-CFR 300.430(H(SXiii)(A)). The EPA believes that rermediation levels should

generally be atcained éither throughout the cortaminated piume or at and beyond the edge of the

‘waste management area when the waste is left in place. However, the EPA acknowicdges that an

aliernative point of compliance may also be protective of human health and the environment under -
site-specific circumstances. In determining where to draw the point of compliance in such situations,

. the lead agency will consider factors such as proximity of the sources, technical peacticability of

groundwater remediation at that specific site, vulnerability of the groundwater and its-possible uses,

‘exposure and likelihood of exposure, and similar considerations,

Under the NCP, ARARs must be met during the course of the remedial action
(40 CFR 300.435(b)(2)). However, in the preamble to the NCP, the EPA clarified that it recognized
that ARARSs used to determine final remediation levels (e.g., MCLs for groundwater remediation} -
apply only at the completion of the action (55 FR 8755: March 8, 1990). In addition, CERCLA
provides a waiver from ARARs for interim actions, provided that the finai action will attain the
waived standard. If there is doubt about whether an ARAR represents 4 final rernediation goal or an
interim standard. and the ARAR cannot be met during the activity, this waiver could be invoked.
Groundwater contaminant-specific ARARSs for the altematives analyzed in detail in this FS are final
remediation levels and should have to be met only at the completion of the remediation period.

An aliernative that does not meet an ARAR under federal environmental or state
envitonmental or facility siting laws may.be selected under five waiver circumstances
(40 CFR 300430 1)(1iMC)}. (A sixth waiver is available to Superfund-financed sites, which would
not be applicable to the Weldon Spring site.) These five relevant waiver circumstances are as
follows: L

1. The alternative is n interim measure and wiil become part of a total remedial
action that will attain the ARAR; ' '
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. Compliance with the requirement will result in greater risk to humari health
and the environment than other alternatives:

. Compliance with the requirement is technically impracticable from an
engineering perspective; R

. The alternative will atiain a standard of performance that is equivalent to that
required under the otherwise applicable standard, mqmmcnt, or limitation
through use of another method or approach; or

. With respect t a state pequirement, the state has not consistently applied. or
demonstrated the intention to consistently apply, the promulgated requirement
" in similar c;rcumstanccs a mher remcd:at acnons wulnn thn: state.

The interim measure waiver requires that the (1) interim measure should bc foilowed within
a reasonable time by complete measures that will attain ARARSs and {2] the interim measure should
not exacerbate site problems nor interfere with the final remedy. In the preamble to the NCP, the
EPA, in response to comments. declined setting a specific time limit as a precondition for invoking -
this waiver because it is difficult to predict exactly when complete measures can be undertaken, . -
given changes in funding, priorities, and other factors. The EPA believes that careful risk
assessments may be used to show that greater risks will result from compliance withh ARARs ‘and
that a waiver may be appropriate. However, the alternative to which comphance with an ARAR is
compared is not limited to a “no action” altérnative, but may be a less aciive measure -
{e.g., eXcavation mmpared with capping). : '

To obtain a waiver for technical imnpracticability, the EPA believes that critetia may include
engineering feasibility and reliability, and that cost is g@nerxlly not & major factor unless compliance
would be inordinately costly. The EPA believes that cost should generally play a subordinate role
in determining practicability from an engineering perspective, and states thdt “engineering practice
is in reality ultimately limited by costs, hence cost may legitimately be considered in determining
what is ultimately practicable™ {55 FR 8748; March 8, 1990). The propossd criteria waiving an
ARAR in lieu of an equivalent standard of performance include degree of protection, level of -
performance, reliability into the futare, and time required for results. In the preamble to the final
NCP, the EPA states its belief that the first three criteria should be at least equal for an altemative
to be considered equivalent. In addition, the time required to achieve results using the siternative
remedy should not be significantly more than that required under the waived ARAR, The EPA stated
that the fourth criterion proposed “was pot specific precisely in order to allow cases in which
alternative methods may provide great benefits even though requiring longer time for
implementation, as with, for example, the use of bioremediation instead of incineration™
{55 FR 8749; March 8, 1990), The last waiver is intended simply to prevent applmauon of state
requirements to Superfund sites that have not been consistently epplied elsewhere in the state.
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A.2 PRELIMINARY EVALUATION OF REQUAREMENTS

Requiremens of federal and state laws that might be considersd applicable or relevant and
appropriate to the proposed remedial altematives considered for detailed analysis in this FS are lisied
in Table A.1. Potential TBC requirements are also included in the table. In addition, the table
includes certain requirements that are part of employee protection laws or other nonenvitonmental
laws with which the CERCLA actions may have to comply and which are, therefore, not subject o
the ARAR evaluation process for aainment or waiver. These requirements have simply been
included as TBCs. 2 | | —

The preliminary ARAR and TBC determinations for these requiremms-are indicated in
Table A.1. Becauge this appendix presents a comprebensive list of requirements, all determinations
have been identified 2s “potentially” applicable, relevant and appropriate, ot to-be-considered, These

_determinations will be finalized in consultation with tha State of Missouri and EPA Region VII- - .-

nefore the selecied remedial action is implernented. Duiring the finalization process, the requirements
identified as potentidlly applicable will be reviewed to confirm direct applicability; only ore
requirersient will be finalized from among those that regulate the same conditions or media. For those
requirements identified as potentially relevant and appropriate and TBC requirements, the specific
portions of the requirernent that have bearing on the action, and the manner in which compliance
would be achieved, will be finalized.

' A3 REFERENCE FOR APPENDIX A

Browner, C.M., 1995, letter from C.M. Browner (Administrator, U.S. Environmental Protection

* Agency) 1o D.A. Shom (Director, Missouri Department of Natural Resources) re: In the matterof the

Former Weldon Spring Ordnance Works, Nov. 1, 1993,
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APPENDIX B
REQUIRED OPERATIONAL PERIOD AND ESTIMATED EXTRACTION -
' FLOW RATES FOR THE INTERCEPTOR TRENCH
B.1 INTRODUCTION

In this analysis, an interceptor trench is defined as a trench used for the purpcw af
groundwater extraction al a rate equal 1o the natural groundwater flow rate in the altuvial aguifer.

‘The interceptor trench wouid be located downgradient of the uranium plume exceeding the metric

of 30 pCi/l. and normal to the direction of groundwater flow, and located north of the siough. The

" interceptor ench would be operated from the time of the completion of treach constrtetion to the. . _
time ar which the activity of the contaminant of interest (i.¢.. uranivm) would attenuate t0 3G pCiL. "

'f'his anaijrsis mnsidﬂrsaniﬂtcmcp{nr trench located at.ad.ismchalpnganamral flow line
from the centroid of the trench (Figure B.1). The analysis consists of determining the required

_operational period of the trench on the basis of the history of the effluent concentration of the

contaminant of interest at the trench. (The following analysis also applies for determining the period -
of in-site trearment required for the permeable barrier concept in Alternative 5.) It is conservatively
assumed that laterat hydrodynamic dispersion is absent, so that the analysis can be carried out gne-
dimensionally along the flow direction, and that the velocity upstream of the trench is consiant in

time and spacs.

With the following initial conditions,

c=.c f'[:rr'-ﬁﬁ.rs.ﬂ ' {B.1}
°. 2 2’ . S
elsewhere, ¢ =0, . (B.2}

and the one-dimensional transpert equation (Bear 1972),

{B+pbK,J— - By %E - .éiau,,-é; - ARk B3y
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Cossaminateo . fwe
Plume S $we %

FIGURE B.] Kdealized Interceptor Trench Located Downgradient from ap Mdsalized Contaminant

Plume'

the concentration at the interceptor trench at time # is given by Carslaw and Jaeger (1978) as

I - Rl: - 05W,

o(L.1} = 0.5¢,exp (-A9) erfcl — - erfc

' D
I 2 _L;
! ' R.r

where

¢ = contaminant activity (pCi/L),

initial activity of the plume (pCi/L),

]

v 1
L - R—I t+ ﬂ.SW’

B4

=
2‘-—-’::
._R& _

W, = plume width along the considered f_lowliM' (),

-2
I

L = distance slong the considered flowline from the centroid

axis of the trench (ft),

distance along the considered flowline from the centroid of the plﬁ_n_w (),

of the plume to the |
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T
n

[ 1 - EEE K d} = retafda:im_a factor (dimensionless),

| : A = . decayconstant (b}, -

bulk deasity of soil rmatrix {g/mL),

i)
o
tl

K; = -partition coefficient (mL/g),

b = thickness of the alluvial aquifer (ft),
I _ t = time interval of interest,
I _ _ S . :
: = roundwater velocity =  -— <= (ft/d),
v groundwater \ ry aax{.:"-
| K = hydraulic conductivity (f/d),
I D, = (a;Vi+(D,D = dispersion coefficient (),
' . - 2414
®, = longitudinal dispersivity = (3.28)" x 0.83 _x'{iugm [-i-i%-” {ft}
{ . . . ' . . N
(Xu and Eckstein 1993),
T = tortnosity of the alluvial aguifer,

D, = m.oiecular diffusion coefﬁ_cicm (f24d),
S 8 = effective porosity (dimensionless), and
H = hydraulic head in the perched zone fﬁ),
| B2 DETERMINATION OF THE REQUIRED OPERATIONAL PERIOD OF THE
|__ INTERCEPTOR TRENCH AND PERMEABLE BARRIER CONCEPTS
The procedure is to define a contaminated area in which the concentration is appmximntei}r

; " uniform. This analysis utilizes the uraninm isopleths provided in DOE (1997), which are based on
an average uranivm concentration of 3,000 pCi/l. .
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.. The uﬁgratiuna] period was determined uﬂng the following parameters:

A = 425x 107307 (based on a half-life of -4.468_& 10° year for uranium),
. pp = lL2g/mbL {_aver.agg valoe in dﬁsi;y range uf 50 to 100 I/,

K, = 5Llkg, |

6 = 0.27 (average value in porosity range of 0.21 to 0.32 [Freeze and Cherry 1979];
page G-6 of DOE [1997] indicates an effective porosity range of 0.25 to 0.283,

T = 0.29 (based on Freeze and Cherry [1979)),

D,= 1.86x 1034,

K = t1fi4d,

SH _ 005 tk, and
ax

R, = 1 L12x3 =132

0.27

On the basis of the above, the following values were estimated:

K dH 11 x 005 '
Ve -0 2 = i 2 021 f1d _
T8 ax . 027 . (B.5)
. W ‘12414 . .
@, = (3.28) x 0.83 x [Iugm {-5-2%]] (B.6)

1414
= (3.28% x 0.83 x [lagm (%]] = 40 ft.

D = (@ xV)+DyxTp=@E0x02)+(1.86x 10°x029)=85f*d. (BT
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Examination of Figure 9-124 of DOE (1997} provided the following:

CD = 3.{}()0 p‘CL‘rL.,

=
n

180 10 260 f:,_and

L = 12010330

Using Equatmn B.4 and the rangc of thc above paramelers, the uranium acuvlt}' at time r at' the -

interceptor trench can be estimatad as shown below:

0.21¢

1120 - S - 0.5 x 180
B3 ot

U208 A = 0.5 x 3,000 x éxp (- 435 x 10677 n)| erfc
’ 2 ..E.*i;
N B2

330 - 2218 _ 05 x 260
32

e (330 fi, O = 0.5 x 3,000 x exp (- 425 x 1077 1} erfe

: 0211t
k¢ G ¥ ¢
3 33 0.5 % 260

2 |85,

232 .

®8

(B.9)
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The time at which the activity would decrease to the metric of 30 pCi/L. was determined by trial and
error using 4 Microsoft Excel™ spreadsheet (see Figure B.2). Using the above values, the
-operational duration of the interceptor trench was estimated 1o tange hetween 240 and 350 vears.
* These operational periods are cunslderahly longer than the 30-year des:gn life of most groundwater
treatment fdmllues

. The time of contaminant transport is sensitive to variation in the value of X ;. This aralysis
appiies a lower bound value of 5 mLJ/g, on the basis of experimental dats measured for this FS. A
high degree. of uncentainty currently exists.in the actwal values of X, for the alluvial aquifer.
However. increasing K; vatues for uranium will produce more total mass in the alluvial aguifer to
be deplezed. because the dissolved uranium activity is fixed in this analysis at 3,000 pCi/L. and the
adsorbed mass increases with a higher X, Thus, the aparmonal time for higher values of X, would
hclongerthmfarthecaseofxd-ﬁnﬂfg . .

B.3 ESTII'UMTED EXTRACTION FIDW RATE FORTHE INTERCEPTDR
TRENCH CONCEPT

- The exuraction flow rate from the interceptor ttench concept in Mtemauve 3 was ﬁsumamd
on the basis of the groundwater velnmy, estimated length of the lntcrceptor trench, and aquifer
* thickness:

O = VxLpxbx (dagi,m min) x (7.48052 gal/ft) . | {B.10)
. wﬁere
Q;;:j = ﬂxtﬁcﬁnn_ flow rale. fru_::-m the interceptor treach (gpm).
V = groundwater velocity (ft/d; defined in séc:ion B.2),
Ly = length of interceptor trench (ft), and

b '= thickness of the alluvial aquifer (ft).
The extraction flow rate was detenmm:d usmg the fullomng parameters:

v = ﬂZIfu'd (eshmatedmﬁacuonBZ),
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Lyr 2,000 f (based upen examination of the uranium isopletns in DOE [1997]), and

b = 3R
which results in a maximum extraction flow rate of approximately 50 gpm {i.e., Q7 = 50 gpim). _'

_ In general, theacmalﬂﬂwmwﬁomauintﬂccptdruenchwﬂlbelﬁsthmthemaximum
- due to backflow, bypassing, etc. Assuming a captre efficiency of 67%, the extraction flow rate
would be on the order of 30 gpm {50 gpm x 87%).

For conservatisen (in terms of the required uperatiunal duration), an interceptor trench flow - '
rate of approximately 50 gpm was applied in this analysis for Aliernative 3. '

A sitnilar procedire was performed for Altermative 6, from which an interceptor trench flow
rate between 10 and 20 gpim was estimated.

B.4 REFERENCES FOR APPENDIX B

Bear, J., 1972, Dvnamics of Fiuids in Porous Media, Amesican Elsemr Publishing Company
New York, N.Y.

Carslaw, H.5., and J.C. Jaeger. 1978, Conduction of Hear in Solids, 2nd ed., Oxford Umverstty
Press, Oxford, England .

Freeze, R.A., and J.A. Cherry, 1979, Groundwater, Prenﬁoc-Hall; Englewood Clififs, N.J.

LS. Depariment of Energy, 1997, Remedial Investigation for the Groundwarer Operable Units at
the Chemical Plant Area and the. Ordnance Works Area, Weldon Spring, Missouri
DOE/OR/21548:571, prepared by MK-Ferguson Company and Jacobs Engineering Group, Inc.,
Weldon Spring, Mo., and Argonne National Laboratory, Argenne, 0., for UL.S. Depmenl of
Energy, Qak Ridge Operations, Weldon Spring Site Remedia] Action Project, Weldon Spring, Mo

and the U.5. Departent nftt:cﬁ.nny.l{ansasﬂltymsmet ‘Feb.

Xu, M., and Y. Eckstein, 1995, “Use of Weighted I.easl—Squama Method in Evaluation of the
Relationship Between Dispersivity and Scele,” Journal of Ground Water 3(6).905-908.
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APPENDIX C:

BED THICKNESS AND OPERATIONAL DURATION OF THE IN-SITC
PERMEABLE BARRIER FOR ALTERNATIVE 3

A permeable bartier is a siructure installed underground to treat contaminated groundwater.
I this feasibility study (FS), the ptoposed permeable barrier would be located downgradient of the
wranium contaminated zone exceeding the metric of 30 pCiL and normal to the direction’ of
groundwater flow. and located north of the Femme Osage Slough. The béd thickness is dependent
on a aumber of factors, including the contaminant concentration, contaminant half-life through the
treatment media, and groundwater velocity. The operationai duration of the permeable bartier would

* be the time period following completion of permeable barsier construction to the time at which the
- reatmient media must be replaced or “régenerated,” that is, returned to its original condition by some

treatmnent.

This analysis considers removal of 2 contaminant (eranium) from an agueous solution by
passage through an adsorbent bed (permeable barrier). The solid permeable barrier is held fixed in

" location, and the groundwater percolates through it (Figure C.5). In this analysis, a solution

containing a single contaminant 4 at moje fraction x4, in a solvent B (waier) is passed at a constant
volumetric flow rate O through an adsorbent bed. At the start of operations, the interstices-of the
adsorbent bed are completely filled with pure liguid B, and the solid is free of A. In this analysis, it
is assumed that the rasistance of the solid to the mass transfer is negligible.

C.1 THEORY

The cunti'nuity'relatiﬁnships for component A in the solid and l'iquid phasesasa function
of distance 7 within the permeable barrier (Bird, Stewart, and Lightfoot 1960) are as follows:

ac,, .
“-E}? = (kla} (xg-xm) , and _ . ' (C.I)
ox, ox, _ .
eS¢ -é-- =~ W, -; - Stk ay(x, - x5 : {C.2)

r -
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volume fraction of permeabie barrier occupied by liquid; -

L1
I

§ = cross-sectional area of permeable barrier.
¢ = total molar concentration of the quh.id;

¢y, = molesof adsorbed A {uranium) per unit volume of solid phase; |

; x . = bulkmele fraction of A {uranium) in fluid phase;

| 1, = inierfacial mole fraction of-A i fiuid phase, assumed to be in equilibrium with
EAI: ' :

*_ : %4y = bulk mele fraction of A (uranium) entering the pcn_neablc barrier;

k, = fluid-phase mass transfer coefficient;

time;

b ]
Ik

t° = modified time variable = - ¢ (5&}
' W,

a = contact area per unit volume of permeabie barrier;

Wy = molar flow rate of soivent (Qrmindwﬂer}; and

"m = constant, defined as the ratio of the interfacial mole fraction of A in fluid phasc
{xupt0 ti'lcmnk:s of adsorbch pﬂ'umt volume afsohd pr.mmble bagrier (¢4,

_—Hﬂﬂiun—uﬁ

with the following initiai conditions:

e b

; BC. L. Att=0, Cas =0 forallz>0-
: B.C. 2 Atz=0, X=X forallt>0.

~ Before solving these equations, it is convenient to rewrite them in terms of the following
dimensionless variables:

X==_, o . | {C.H
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C me . .
YolAs . (C4)
Y
. z8tka) _ '
= i , and : '
{ W, an | | I(C.S}

LMk

- (C.6)

- T

In terms of these variables, the differential equations and bmmdary conditions may be

wrilten as _
3X - |
X (x-v
57 T-(X-D _ _ €
¥ Ly o

at =0,

C. I ) §
C.2 a  {=0, X

B

B.
B.
The solution to the above aquatinns'is

X1 e 0L VETD 9

in which Jy(ix) is a 2ero-order Bessel function of the first kind,

The solution presented graphically in Hougen and Watson (1947) is shown in Figure C.2.
(In Figure C.2, y/y4 corresponds to X, bt cortesponds 10 7, and ¢Z corresponds to ) '
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- €2 REQUIRED PERMEABLE BARRIER THICKNESS

The procedure to estimate the mquired bed thickness is Lo determine the l:hlckness modulus
taZ) from Figure C.2. which cormesponds to the fraction remaining after adsorption by the perrneable
barrier (/o) and the time modulus {(&t). The following parameters were used in this analysis:

XA

il

3.3 x 10® Ib-mole U/fb-mole total (based on 30 pCilL),
1.8 x 10 Ib-mole U/lb-mole total (Morrison and Spangler 1992),
3.3 x 10”7 Ib-mole U/lb-mole total (based on 3,000 pCi/L),

6.8 x 10°2 lb-mole. Uf&3 clinoptilolite (based upon Morrison and Spangler
[199.-]]

0.027 1t clinopilolite/ib-mole total (based upoa values of 1.8 x 10 Io-mole

U/tb-mole total and 6.8 x 105 Ib-male U/ft® clinoptilolite for x4 and ¢y,

respectively),
8.5 x 10" Ib-mole U/ft*-h (Morrison and Spangler 1992),

8.8 % 10° m%m? (based upon a surface area of 4.1 mzfg given in Morrison and
Spangler {1992} and an average specific gravity of 2.15 for clinoptilolite),

.75,

mmﬂﬁz{'hasedmapermeablehamcrlengthaudhﬂghtufzmﬂﬂmdmft
respecu'.re]}'},

311 To-mole H,O/h (based upon & groundwater flow rate of 15,000 galid {DOE
1997] and a permeable barrier length of 2,000 ft), and

3.5 Ib-mole/ft> (assuming that the contribution of the nranium contamination to

the total number of moles is negligible),

which corresponds to the fol-lo“&ng _-:Iimm’siohlcss variables im Figure C.2:

¥y
bt

aZ

=

]

3.3x 10933 % 107 =001,

t-2{0.75 x 60,000 x 3.5/31t}~ t- 510 x z, and

2(60.000x 85 x 10311~ 160x 2 .
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And, since time (7) is related to permeable bamer thickness (z)} by the groundwater velocity
(approximateiy-1.5 X 103 fi/h, based on a groundWamr flow rate of 15 000 ga]!d [DOE 1997) over
a length of 1 360 ft and a permeable barrier height of 30 ft),

:l"f}.ﬂ, = G-D].'r
bt - t-510xz=(1.5x 10%)-(510x2)~120x2
aZ - 160xz,

Figure C.2 was used to ithplement a uial-énd—grrcr procedure to determine the valueof z
that satisfies the above three constraints. A value of 3 fi for the permeable barrier thickness appears
to sausfy the spcmﬁed constraints, as shuwn by th: conﬂuenoc of the three constraints in Figure C. 2 .

A penneable bamuritnchmss of t m{3 ft}was thus applied in the permeable hamcrdm T

propased for A}temanve 5. '
C.3 OPERATIONAL DURATION FOR THE PERMEABLE BARRIER
* The operational duration of the permesble bartier was estimated on the basis of the total

mass of adsorbent (clinoptilolite); the assumed concentration of uranium contamination in the

groundwater passing through the permeable barrier, the gmundwat:r flow rate, and the spemﬁn:
capacity of the adsorbent to uranjum:

T = MSCIQIC, . | H(C.10)

where

T = operauunalduranan nfthepemmablehmﬁbefarempiammntnrmgenemaﬂ _
is required (years),

M. = total mass of adsorbent {clino;étilolitc} in the permeabl:' barrier {grams),
SC = specific capacity of adsorbent for uranivm (pCi/gram clinoptilolite),

groundwater flow rate through the permeable barrier (L/yr), and

2
1

Cy = uranium coneentration in groundwater (pCi/L).
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The following parameters were used in this anakysis:

M, = lelﬂmg{bmdupnnapﬂnnahlcbamermanszmﬂﬁlung mﬁmgh and
© 3 ft thick, and aspemﬁc gravity of 2.15 gfmn’] '

5C

84 pCi Usg clinopﬁlnlite {Mortison and Spangler 1992),

g
over a length of 1,860 ft and a permeable barrier length of 2,000 ft), and

Cy = 3,000pCil,

| jvhiéj:h r_esulls i_n the fol_lrrrwliftg.: o |

T = '{1.'1 3;;101'_:’. g} {34 pc: G}g.éﬁnuﬁﬂmﬁmy{zi x 108 _l-fyr)f{iﬁm ééifL} -
~ 14 years. |

The operational duration of the permeable barrier before replaa:emem or rtgenemﬂon is
required is estimated to be on the order of 14 years.

C.4 REFERENCES FOR APPENDIX C:

Bird, REB., et al, lﬂﬁﬂ Transport Phenomena, John Wiley & Sons, Inc., New York, N.Y.,

pp. 702-705.

Hougen, O.A., and X M. Watsnn, 1947, Chemical Process meipfes, Fsm‘ Ed:rion Part [i1, Juhn
Wiley & Sons, New York, N.Y., p. 1086.

Morrison, 5.J., and R.R. Spanglcr. 1992, “Extracuon of Uranium and Molybdenum from Aqumus
Solutions: A Survey of Industrial Materials for Use in Chemical Barriers for Uranium Mill Ta-.ﬂmgs
Remediation,” Enwranmeum! Science and Technafagy 26(10):1922-1931.

U.S. Department of Energy (DOE). 1997, Remedial Investigation for the Quarry Residuals Operable
+ Unit of the Weldon Spring Site, Weldon Spring, Missouri, DOE/OR/21548-587, Rev. 0, prepared by

MK-Ferguson Company and Jacobs Engineering Group, Weldon Spring, Mo., for U.S. Department

of Energy Oak Ridge QOperations Office, Weldon Spnng Site Remedial Action Project, Weldnn :

Spring, Mo.

22 x 10% Liyr (based on a groundwater flow rate of 15,000 gal/d (DOE 1997]




ey meplny il

————

= B

.1 | March 17. 1998

APPENDIX D:

- ANALYTICAL METHODOLOGIES USED TO ADDRESS ENVIRONMENTAL
IMPACTS FOR ALTERNATIVES IN THIS FEASIBILITY STUDY




March i7. j998




D-3 ' March 17. 1998
APPENDIX Dt

ANALYTICAL METHODOLOGIES USED TO ADDRESS ENVIRONMENTAL
IMPACTS FOR ALTERNATIVES IN THIS FEASIBILITY STUDY

~ This appendix presents the analytical methodologies used to address environmental impacts
for the varions alternatives. The general methodology for estimating physical hazards and airtbome
emissions during the construction and operations phases of Alternative 2 is explained. A similar
methodology was used 1o determine the potential impacts of Alternative 6 (Groundwater Removal -
at Selected Areas, with On-Sits Treatrnent). ' '

'D.1 PHYSICAL HAZARDS - -

The estimated number of worker fatalities and injuries associated with construction and
operations were calculated on the basis of statistics available from the U.S. Burean of Labor

Statistics, as reported Dy the National Safety Conncil {1995), and on the basis of estimates of total
“worker hours and full-lime equivalents (FTEs) required for construction and operations activities

determined from the cost estimates {Appendix E) determined for this feasibility study (FS).

‘The specific rates used in the calculations were as follows: fatalities during construction,
15 per 100,000 workers; fatalities during operations, 4 per 100,000 workers; injuties during
conssruction, 5.5 per 100 full-ime workers; and injuries during operations, 5.3 per 100 full-time

WOTKErS,

Fatality and injury risks were calculated as the product of the éppmpri’ate incidence rate
{provided above) and the work hours expended during construction and operations (including both

" girsct and indirect activities), which was then normalized by the pumber of work hours per day. The

fatality and injury incidence during construction-of additional monitoring wells equivalent to
approximately 15% of the number of existing wells (i.e., about seven additional wells} was estimated
as follows: : '

(Fatality/Injury Incidence). s qrucion = (Constrction Work Hours)/{ (9 mo/yr¥(12 mofyr)
T x {52 wkiyr) x [(6.5 Wd)/(8 hid)
» (40 work hours per week)]] .
x (Fasality/Injury Rate)oonnnucrion -

conservatively assuming that construction oceurs only 9 months per year {cie to winter or flooding)
and may require the use of personal protective equipment (resulting in 6.5 hours of actual work per
8-hour workday}. Construction activities are estimated to result in less than one case of occupational
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o injury and no cccupational fatalities, on the basis of atmal of approximately 1,400 construction wnrk'

hours

The fatality and i m_;ur} incidence dunng annual operations of nddmunal monitoring welis
was 2stirmnated as fo]loms

(Annuat Fatality/Injury InCidence) yyions ® (Annual Operations Work HoursM[(52 whiyr)
: ' ¥ (6.5 Wd)A(E hrid) x (40 work hours per waek}]
x {Fl“ht}'ﬂ“furl" M}m

assurning that operations may require the use of personal protective equipment (resulting in 6.5 hours
of actual work per 8-hour workday). Operations activities associated with the proposed menitoring
wells are estimated to result in less than one annual case of occupational injury and no annual
occupational fatahuea. based upon amtal of nppronmattiy 1,300 comstruction work hours.

The fatality and i m]ury incidénce during annua) operations of the existing momtunng wr.ils
was estimated as follows:

(Annual Fatality/Injury Incidence)

operations ® (ATDual Sampling Labor Costs ($u"}'f}]f

($100,000 per FTE)

x {Fmﬂtyﬂn]ury Rateoperations
assuming an annual fuily loaded labor cost of $100,000. {(An approach different from that appl:ed
for the proposed monitoring wells was used to estimate the fatality and injury-incidence for the
existing monitoring wells due to the availability of Weldon Spring-specific cost data ) Operations
activities associated with the existing monitoring wells were estimated 1o result in fess than one case -

- of annual occupational injury and ho annual occupanunal fatatities, on the basis of an annual labur
cost of appmximately $370,000.

The calcutation of fatalities and injuries from industrial accidents was based solely on
historical industrywide statistics, The U.S. Department of Energy (DOE) would implement best
management practices during any proposed construction and operations activities, and, therefore,
fatality and injury incidence rates would be lower than the industrywide rates applied in this analysis.

D.2 AIRBORNE EMISSEONS OF CRITERIA POLLUTANTS
The emission rate factors used in calculating airbome emissions ape presented in Table D.1.

The criteria pollutants considered in this analysis include carbon mopoxide (CO), hydrocarbons
(HC), nitrogen oxides (NO,), sutfur oxides (SO,), and total suspended particulates (TSP).
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TABLE D.1 Criteria Pollutant Emission Rate Factors

Censtruction Equipment ? (lb/h)

. o _ Worker Vehicle °
Pollutant - Flatbed Truck  Post Driver. - {g/km)
Carbon Monoxide 1.B 17 B A
Hydrocarbans 0.19 0.56 14
Mitrogen Oxides 4.2 . o 1.3
Sulfur Ozides - - D45 0.023 0.12
Toral Suspended 0.26 003 028

~ Particulaies

.."'S_iaurc:: -,EEA*{]EE_S}. L
b Source: WRC {1994}

D.2.1 Criteria Pollutant Emissions during Construction

During the construction phase, the criteria pollutant emissions will coasist mainly of
construction equipment and wotker vehicie emissions. In this analysis, it was assumed that fugitive
dust emissions during land clearing would be negligible (because of the limited land area that wouid
be affected by monitoring weli construction) and wouid be suppressed by watering and other
containment methods whenever feasible. :

Construction equipment emits CO, HC, NO,, SO, and particulates from the combustion
of diesel fuel and gasoline. To estimate the quantities of these pollutants, it is necessary to know
(1) the type and quantity of equiprnent that will be used, (2} the number of hours of operations, and
(3) the raie at which the poilutants are emitted. ' .

An estimate of the type and quantity of equipment used during monitoring well construction

" was made by associating the individual activities within the construction cost estimate for

Alternative 2 (Appendix E) with the equipment required for that activity. (E.g., a flatbed truck with
auger would be required during development ‘of the 20-cra [8-in.] borehols for a 5-cm {2-in.]
monitoring well.) This information was provided by the Remedial Action Cost Estimating and
Requitements System (RACER) computer model (Delta Research Corporation 1995} used in the
calculation of construction costs for this FS. o
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The operations time for construction activity / was determined by dividing the direct
manpower {in man-hours) by the appmpﬁate crew gize:

[Dperaums T:me ihyy = [Mmpower {man-hours]]g[trew Size {wnrkers}],

For example, emplacement of 2 2-m (5-ft) guard post made of cast iron and filled with concrete

. requires the services of two laborers (i.e., the crew. size in this case equals two},

Emissian_ factors (Ib/h) were obtained from EPA (1985) for the construetion equipment

identified within the :&:-nst_ructicm cost esiimate. The emission of pollutant i from construction

equipment operations was estimated by the following:
(Emission of Pollutant / (16))comseucion squipment = 3~ [Operation Time ()],

x [Elm‘ﬂm Rate 'ﬂb&l}]:' K>

by summing over all construction activities j and required construction equipment k. Table D.2-

. shows the predicted emissions from equipment required for maonitoring well construction.

Criteria pollutant emissions from construction worker vehicles were estimated assaﬁning_
an eight-hour workday and that each construction worker travels to and from the construction site
in a single vehicle. The number of one-way trips was calcutared on the basis of total werk houss
(both direct and indirect activities) determined within the cunsu'ucnon cost estimate fur
Altemm:we: 2:

¢Number of One-Way Trips) = {Total Work Hours)(8 Hous per Workday) .

TABLE D.2 Predlcte.d Emissions from Equipment Requlrad for Monitoring Well

Construction
Workday Average Emission
Race (Hbh) _ o |
Potential Flatbed Truck  PostDriver  Emissions
. Pollwant  Flatbed Truck  Post Driver h) (W) i)
Co - T SN I 156 17 570
HCs 0.1% 0.56 156 17 39
NO, : 42 0.41 156 17 . 687
80, 045 0.023 156 17 71
TSP - 02 0.026 156 17 40
- Aldehydes 0.1 . 0.020 156 17 18
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For tocal impacts, it was assumed that the worker vehicles traveled 32 kin (20 mi) to and fmrmwetk
or 64 km (40 mi) round trig-cach day. The vehicular ennssmns of criteria pullutams were calculated
by the following: :

(Emission of Pollutant i (10))geier vebicles = (Nuraber of One-Way Trips)

% {2 x {One-Way Trip Distance (mi)] }
x. (I/453.59 g) x (1.609 knvmi)
x [Emission Factor (Am); .

with the predicted valugs provided in Table D.3.

A significant amount of dust is geneméd when vehicles wravel on unpaved roads. The

quantity of dust emissions from a given segment of unpaved road can be deteymined from the
_ folluwm g equatmn .

[Emission of TSP per Vehicle Mile Traveled (e VMT)] = 5.9 (5/12) ($/30) [(Wr3)0-7) [(wf4}° 5] (365-p)365,

where

W

silt content of road surface material (assumed to be 7%),

mean vehicle speed {mph),
= mean vehicle weight (1en).

mean nurhber of wheels, and

number of daﬁ with at least 0.01 in. of precipitation per year
(2pproximately 110 days for Weldon Spring). '

TABLE D3 Predicted Enlssions from Construetion Worker Vehicles

Poential  No. of Auto Emission  One-Way Trip

Pollutant  Ome-Way Ttips  Factor (gom)  Dimance (mi)  Emission (Ih)
- Co Cm 793 20 TS
HCs 173 1.35 20 33
NO, 173 132 20 32
S0, 173 g.12 20 3
20

TSP 173 025 6
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It was cuﬁs_ervntiveiy assumed in this analysis that all vehicles traveled over unpaved roads without
any control measures. On the basis of the vehicles identified in the construction phase for this
aliernative, the total amount of TSP gme_rated would be on the order of 2.631 km (5.8001b}.

In general, the total amount of criteria pollutant emissions is estimated to be relatively low’

{see Table D.4) becanse of the limited actions associated with monitoring well construction. Vehicle
.traffic on unpaved surfaces, earchmoving, excavating, and bulidozing would be the major sources
of TSP, TSP generation during actual construction activities would be suppressed by watering,
revegetation of bare areas, covering open trucks carrying dusty material, removing dirt and debris
from the road surface. and using containrment methods whenever feas;ble '

D.2.2 Criteria Pollutant Emissions during Operations .

:-“Liﬂiame. emissions of a gvencntcnapollutmt “i” resulting from oﬁcfmions activities were

calculated on the basis.of the product of the number of auto one-way trips to the quarry site (for

monitoring purposes), with a one-way trip distance (asswned to be 8 km [5 mi]) and the appropriate

vehicular criteria polivtant emission rate factor from Table D i

{Number of One-Way Tﬁps} = [Tm:aj Number of Monitoﬁng Wells)
| | x [Sampling Frequency (times per year))/
- {WNumber of Wells Sampled per Trip} .
The total number of monitoring wells was assumed to be 52 (45 existing plus 7 proposed), with a
quarterly sampling frequency {i.c., sampied every three months) and only one well sampied during
each trip {exarnination of recent groundwater sampling data for the Quarry Residuals Operable Unit
[QROU] indicates 2 median of three weils sampled per trip). L

TABLE D.4 Total Predicted Construction Emisclons for
Alternative 2 (No Active Remediation)

Powntial Constrection  Worker  Unpaved
Pollutant  Equipment  Vehicles Roads  Total {hs)

co 570 194 0 760
HCs S 33 0 70
NO, 657 32 0 690
SO, 71 3 o 20
TSP 40 6 5800 5350

—
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[Annual Emission (ibfyn)), = (Number of One-Way Trips)
% {2 x [One-Way Trip Distance (mi}]}
x (I/453.59 g) = (1.609 km/mi)
x [Emission Factor {g/km)]; .

It was also assurned thar 2ach operations worker travels to and from the QROU in & single
vehicle {no car pooling) and that the worker vehicles traveled 8 km {5 mi} to and from the QROU
or a 16-km {10-mi) round trip. Emission factors (g/km traveled) were obtained from NRC (1994).
{The difference in emission factors between those obtained from NRC (1994) and ﬂm&obmmﬂby
running the EPA-approved vehicle emission models MOBILE 5a [EPA 1594a] and PARTS [EPA -

- [994b] was deterrined to be less than 10%.) The predicted annual emissions from vehicles used by
monitoring workers is shown in Table D.5. ' ' .

'D3 REFERE\CES FOR: APPENDIX D
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Vol 1, Office of Nuclear Material Safety and Safeguards, Washington, D.C., Aug. '

U.S: Environmental Protection Agency, 1983, Compilation of Air Pollutant Emission Facmrs. :
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APPENDIX E:

. METHODOLOGY AND ASSUMPTIONS USED TO DETERMINE THE COSTS .
© -+ OF THE VARIOUS ALTERNATIVES IN THIS FEASIBILITY STUDY Tt
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APPENDIX E:

VETHODOLOGY AND ASSUMPTIONS USED TO DETERMINE THE COSTS -
OF THE VARIOUS ALTERNATIVES IN THIS FEASIBILITY STUDY

This appendix discusses the methodology and assumptions used to determine the costs of

 the various altemnatives considered in this feasibility study (FS). Unless noted otherwise, the direct

costs for both construction and operations phases were developed using the Version 3.20.0f the
Remedial Action Cost Estimating and Requirements Sysiem (RACERY computer model (Delta
Research Corporation 1993). .

E.1 REMEDIAL ACTION.COST ESTIMATING AND REQUIREMENTS

'SYSTEM (RACER) SYSTEM

 The RACER systern was developed by the U.S. Air Force to estimate the toial vost (both
direct and indirect) of remedial actions. RACER is 2 PC-based environmental cost estimating system

- that can be used to provide programming. budgeting, and cost engineering support during vanous
phases of remediation: Preliminary Assessment/Sie nvestigation [PA/SI] Studies, Petroleom

Underground Storage Tank Site Assesstent, Remedial Investigation [RI/FS, and Remeidial Facility
Investigation [RFIVCotrective Measures Swmdy [CMS], Remedial Design, Remedial Action
(including Operations and Maintenance [O&M)), and Site Work and Utilities.

Tﬁc RACER sstimating process involves a series of basic steps, including caleulation of
site (direct) costs and praject costs. A project may consist of a single site or it may contain several

sites. For each site included in the project, the user can select and run the technologies andfor

processes (cost models) that will be used to remediate the site. The costs calculated for these models
are direct costs only (i.e., the cost does not include comtractor overhead and profit, cost for
contingencies, project management, or sscalation). Once direct costs have been caltculated for all
cost medels inciuded in each site of the project, the user completes the estimate by calculating the

" project costs. Project costs include costs for contractor overhead and profit, contingencies, project

management, and escalation. RACER was used in this analysis to determine only the direct costs
(costs that can be directly attributed to a particular item of work or activity). Wekion Spring-specific
indirect cost relationships (Hood 1997) were applied in this analysis rather than the generic indirect

cost relationships provided by the RACER model.

RACER uses a parametric modeling technique similar to the 1.5, Air Force's Construction
Cost Management Analysis System (CCMAS). The basic concept of RACER is that predefined
engineering relationships link primary parameters to detailed quantities. These quantities are then
priced using established cost databases. RACER cost models are based on generic engineeting
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sotutions for environmental projects, technologies, and processes. The engineering solutions were
derived from research, govemment laboratories, construction managerment agencies, vendors,
contractors, engineering analyses, and historic project information. Design parameters within the cost '
nmodeis were tailored by the cost estimator to reflect specific project conditions and requirements.
The design was then tailored by RACER into specific quantities of work, which were priced using.
current ptice data, The assembly cost database within RACER was developed from the E.5. Army -
Corps of Engineers’ Unir Price Book (COE 1989} and supplernented by vendor and contractor
quotes. A cost differential was included in this analysis to account for the differences in material
and labor costs in the Weldon Spring area compared with the generic Unit Price Book costs.

Profassional labor includes activities that provide interpretation of the performance of the
remedial action during both the construction/startup and O&M phases of the environmental
restoration process. Typical professional labor activities associated with remedial action construction
include oversight of construction activities, permit atquisition, and “as built” drawings. Professiohat
labor activities associated with O&M include evaluation of samplmg and analysis data; comparison
of results with project goals, coordination of field activities, and documentation and reporting of all
. efforts. Estimates of professional Iabor were derived by RACER using a parametric approach based
on similar leve!s of activides for related projects. |

E.2 ESTIMATION OF INDIRECT COSTS

Indirect costs are defined as those costs that canmot be ideatified specifically with 2
particular activity, cannot be charged to a specific element of work, or do not become a permanent
part of any facility constructed. Indirect costs — small tools and supplies, fringes, insurance, and
contingency — were estimated on the basis of various percentages of other costs specific to the
" ‘Weldon Spring site (Hood 1997). The various indirect cost refationships applied in this analysis are
provided in Table E.1 and were implemented using a Microsoft Excel™ spmadshect for each
alternative.

Contingency costs are added to a project to cover costs that may result from incomplete

design, unforeseen and unpredictable conditions, or uncenainties within the defined scope. In

_general, the contingency cost is derived from the difference between the 5% and 50% chance of

overrun of the base estimate. A contingency percentage of 25% was applied in this analysis, based

vpon Hood (1997), which is within the range recommended by the U.S. Department of Energy

{DOE) Office of Environmental Management for projects in tlmprehmmar}'stage of the remediation
process {DOE 1990).




. " S ——— S .
E-3 . March }7, 1998

TABLE E.l Weldon Spring-Specific Indirect Cost Ralationships Applied in This FS

Indirect Cost Component  ~ Relavionship Appited Under
Small 1ools and supplies 5% of 1wl direct labor cost "~ Costof Supplies
Level D personnel protection  0.179 x dirsct manposwer Cast of Supplies
State sales and use lax 7.23% of cost of permanent ~~ *© Cost of Permanent Materials . .
materials and supplics and Supplies :
Indirect labor 25% of total direct tabor cost Cost of OHfFee/Con’
_Piant operations . ~ 8.8% of ol direct laborcost -+ Cost of OR/Fee/Con
Fringes © 29% of indirect Labor  Costof OH/Fee/Con
Margin 105 of sum of direct cost and all Cost of OHFeeCon
indirect costs above :
Bond : 2% of sum of direct cost and all Cost of OH/Fee/Con
' indirect costs above
Insurance 10% of sum of direct cost and ait Cost of OR/Fee/Con
indirect costs above :
-Contingency '  25% of sum of direct cost and all Cost of OH/Fee/Con
' ' indirect cosis above

3 QHfFesfCon = Qverhead/Performance Fee/Contingency.
Source: Data from Hood {1997).

E.3 PRESENT-WORTH ANALYSIS

Present warth is defined as the investment-evaluation procedure that involves discoonting
the sums of capital investment, O&M, and repairs at a specified interest rate (representing cost of
capital or minimum acceptable rate of return). The following analysis complies with the
requiretents described by the Office of Management and Budget (OMB) Circular No. A-94, the -
National Burean of Standards Handbook 135 prepared for DOE, and the U.S. Environmental
Protection Agency (EPA) Office of Solid Waste and Emergency Response (OSWER) Directive
9355.3-01 (EPA 1988) for adjusting for converting cash flows at different times to correspond at a
commor time during the preparation of a cost estimate.
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The costs calculated in this analysis are given in 1995 constant dollars. The constant doflar
cash flows ocenming at different times are converted by the present-worth analysis into 3 time-
equivalent lump sum amount evaluated at the beginning of the base year. This is performed by using
an interest rate or “real discount rate™ that reflects the oppormnity cost apart from any change in the

purchasing power of the i:hllar_. A Uniform Seties Present Worth Factor (P/A) is calculated using the -

real discount rate i
(PAAY=[ (14" - 1}/ i/ (140",
where n is the project duration. |

A- discount rate of 7% (before taxes and afier inflation} was applied in this anﬂysis

(OSWER Directive 9355.3-20, EPA 1993). Long-term operations costs were based on 2 30-year - . . ...

period per msmlcu{ms in EPA {1988) and inéhide annoal samyhng and analytical costs.

E.4 EXAMPLE CONSTRUCTION COST CALCULATION FOR ALTERNATIVE 2

The construction of approximately 15% of the number of existing wells (ie., seven
. additiona} wells) was conservatively assumed in Alternative 2 (Monitoring with Ne Active

- Remediation) to evatuate the protectiveness of this alternative. The following assumpuans were

made during the development of the construction costs for this altemative:

» Instailation in an unconsolidated formation;-

. Safety level D conditions during construction (Level D provides minimal
protection against respiratory hazards. Coveralls, hard hat, leather or
cherical-resistant boots/shoes, and safety glasses or chemical splash goggles
are required, Personal dosirmeters are included for level D radioactive sites.)

'+ Material of construction is stainless steel (for jong-term effectiveness
purposes). ' ' '

. *  Weli diameter of 5 cm (2 in.); and
* Dedicated pumps provided fé; each well for purge and sampling purpeses.

Additional characteristics of the proposed wells are pmvidﬂd in Table E.2.
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TABLE E.2 Characteristics of Proposed Additiona)
Monitoring Wells for Alternative 2 (Monktoring with

No Active Remediation)
. Depthto
o Top of Screen - Screen Length
Number of Wells (£t} {ft)
3 7S I -
3 0 15

25 ' - 25

. .This information was.used. with the RACER mode to determine the direct constuction
costs. The jndirect cos relationships provided in Table E.1 were then applied to determine the total

construction cost (direct and indirect). The detailed construction cost estimate is given in Table E.3.

.5 EXAMPLE OF A PRESENT-WORTH COST CALCULATION

FOR ALTERNATIVE 2

Costs for Altermative 2 would be associated with continuing the existing environmental
monitoring program, constructing and operating the proposed additional monitoring wells, and
conducting a performance review every five years. The methodology outlined in Section E.3 was
implemented within a Microsoft Excel™ spreadsheet, as shown in Table E4. The spreadsheet
methodology was developed to allow a variable discount rate and operations duration, (o allew for
consideration of different “what-if” scenarios. S
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APPENDIX F:

PISTRIBUTION COEFFICIENT MEASUREMENTS
IN THE QUARRY RESIDUALS OPERABLE UNIT AREA .

Uranium migration in the groundwater south of the quarry will be limited to some extent
by sorpition. Sorption eccurs as adsorption, molecular species anached to surface sites, of abgotption,
molecular species attached to internal sites (e.g., in clays). An overall measure of sorption in real-

‘world situations is the distribution coefficient (K,). Site.specific K, values were necessary for

estimating the remediation times for groundwater cieanup in Chapter 4. This appendix describes the
determihation of these site-specific Ky values for the Quarry Residuals QOperable Unit (QROU).

"+ The Kd-is.il.'m:r.aliu of the amounit of a particular species in soil to the amount of that speciacﬁ' -

.dissolved in the groundwater. For the purposes of this feasibility stdy (FS), the K, is the ratic of

the uranium concentration in the soil to the concentration of uranium dissolved in the groundwater.
The fine-grained alluvium has a higher surface area than the coarse-grained alluvium or the bedrock
in theé QROU area Therefore, the fine-grained alluvivm is expected to have the highest Ky values
since more uranium might be expected to be sorbed, thereby increasing the soil to water ratio. .

Soi and water samples were obtained from five locations, as shown in Figure F.1, and
reported in the Sampling Plan (DOE 1997). Three sample locations (QRSB-001, -002, and -003)
spanned the contaminated area south of the quarry and north of the Femme Osage Slough. Two
samplé locations (QRSB-004 and -005) were located south of the slough. Samples were obtained
at two depths at each location as listed in Table F.1. '

K4 vatues were estimated using three different approaches, First. with the exception of one
sample, all water samples contained suspended solids. The solids were removed from solution and -

the uranium-238 concentrations in both the solids and the clarified liquid phase were measured, since

any uranium species was expected to be in equilibrium between the solid and aqueous phases.
Second, separate equilibrations between the soil and water sampies were performed, and the
resulting uranium-238 concensrations in the solid and liquid phases were measured. Third, the water
samples were spiked with uranium-232 as a tracer and allowed to reach equilibrium with the soil

~ samples. The resulting uranium-232 concentrations in the solid and liquid phases were measured. -
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TABLE F.1 Water and Soil Sampie Locatlons for K; Measurements

o Sample Interval :
Location. - No. 1(ftbgs) - Soil Sample ID Water Sample [D
- ' =10 197001 -0 .
A :  sOgamonrorpy  Groundvaier notavailabl
QRSB-002 8-10 . 501970020} 15-197002-01
GRSB-003 3-5 S0O-197003-01 1S-197003-01
QRSB-004 14 - 16 . §0-197004-01  Groundwaler not available
‘QRSB-005 =16 - SO-19700501 - 1S-1970059-01
L Samplelnterval s o . oo
. Locarion No. 2 {ft bgs} Soil Sample ID Water Sampie [D
QRSB-001 - 18-20 - 80-197001-02 1S-197001-02
QRSB-002 13-15 §0-197002:02 - IS-197002-02
QRSB-003 10-12 . . SO-197003-02 I5-197003-02
©15-197003-02-DU
QRSB-004 48 - 50 © §0-197004-02 © 1S-197004-02
QRSB-003 43 - 50 . SO-197005-02 IS-1970059-02

F.1 EQUILIBRIUM BETWEEN WATER SAMPLES AND SUSPENDED SOLIDS

F.1.1 Determination of Uranium Groundwater Concentrations

The water samples were centrifuged to remove the bulk of the suspend:d solicts. The
supernatant solution from each water sample was then filiered through 0.45-pm membranes to
" remove any particulates stiil suspended in solution. The uranium-238 concentrations were then
determined by using standard radiometric techniques. The measured uranium-238 groundwater
concentrations are given in Table F.2. These clarified water samples were also the starting solutions
for approaches 2 and 3, as discussed in Sections F.2 and F.3, respectively. '
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F.1:2 Determination of Uranium Soil Concentrations

_ “The suspended solids separated from the groundivater samples discussed in Section F.lLl
were dried at 60°C { 100°F). A portion of each solid sample was then ashied o eliminate any organic

material at 520°C (968 °F) for 24 hours. The ashed material was leached three separate times with

strong hydrochioric acid (50% HCD. The uranium-238 concentration of the composited leach
solutions was determined by using standard radiometric techniques. The measured uranium-238 soil -
concentrations are given in Table F.2. These soil concentrations wete assumed to represent the
sorbed uranium in equilibrium with the dissolved uranium in the groundwater in the aquifer. The

. residual HCl-leached solids were then dissolved in a hydrofluoric/miwic acid mixture and the

remaining uraninm-238 concentration measured, This final measurement determines the amount of
sranium in the soil that is considered to be part of mineral phases that are unavailable for

sorption/desorption. These final uranium-238 concentrations are given in Table F.2. -

F.2 EQUILIBRIUM BETWEEN FILTERED WATER SAMPLES AND SOIL SAMPLES -

Selected soil samples were allowed 10 equilibrate with the fikered water samples,

. Preparation of the filtered water samples is described in Section F.1.1. For each K, measurement,

approximately 25 g of soil was mixed with 20 mL of the water sample. The equilibration was_
allowed to occus for one month, after which the water and soil concentrations were measuted. The
results are presented in Table F.3. '

F.3 EQUILIBRIUM BETWEEN URANIUM-232 WATER SAMPLES AND SOIL SAMPLES.

_ Before each equilibration described in Section F.2 was initiated, an aliquot of uranium-232
was added to each water sample. The uranium-232 isotope of uranium, not present in the Weldon:
Spring area, was used as & tracer 1o monitor uptake of uranium by the soil samples and provide
additional measurements for determining Ky values. The results are presented in Table FA and’
provide a direct comparison with the uranium-238 results shown in Table F.3.

F.4 DISCUSSION

F.4.1 Diffusion Coefficients North of the Femmne Osage Slough

Data from sample locations north of the slough, locations QRSB-001, -002, and -003,
suggest an approximate K, value from 5 1o 50 for use in estimating remediation times for various
action alternatives. Of the 16 K;; values estimated from these locations, oaly two. wete higher than
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50, as can be seen in Tables F.2 to F.4. These two values, 88 and 224, werc both from the same
equilibrium experiment (uranium-238 and uramium-232 equilibriums, respectively) involving soif -

_sample $0-197002-02 and water sample SI-197002-02. This deviation may de due 10 an iron

precipitate that was observed to form during the courss of this experiment and not in the other
equilibrium experiments. '

" The freshly deposited hydrous iron oxide observed is-expected to be more sorbent of
uraninm than the clay material composing the soil sample. Therefore, the soil concentration
increases. Also, to determine ihe final urdnium soil concentration (the arfount infon the soil available
for equilibrium with the liquid phase), an HCI solution is used to leach the uranium from the soil,
25 discussed in Section F.1.2. Such a method is necessary to remove the available uranism: it is
possible, however, that some uraniura not available for equilibrium is alse removed. -

Because leaching of the soil with HCl can lead to higher donrepresentative K4 values, the

estitnates presented in- Tables F.2 and F.3 could be skightly higher than is actually present northof -

the slough. However, natural uranium mineral phases are generally not dissofved by HCl, unlike
sorbed uranium. The use of the wraniem-232 tracer introduced into the aqueous phase in the -
equilibriam experiments helps 1o serve as a check on the resulis. Since there was no pre-eXxisting
uranjum-232 phase present in the soil, any uranium-232 present in the soil at the ¢nd of the
equilibration period is likely to be in equilibrium with the solution and removable by leaching with .
an HC solution. At the conclusion of the equilibrivm experiments, any uranium-232 found 2s part
of the soil phase can be assumed to be participating in the sohid/liquid phase equilibrium as
represented by the X, value. This assumption is expected to be reasonable, since no chemical
reactions that would resuit in precipitation of insoluble species are expected, because the soil and
water samples wers taken from the same areas and were essentially in equilibrium previonsly. The
only exception is that noted in the preceding paragraph where a precipitate was observed (even '

though the soii and water samples were from the same location and depth), and 8 K, value of 224 =

was estimated using the uranium-232 upkake results.

For the region north of the slough, a K,y valug of 5 provides a reasonable appoximation for
the general area. The two lowest uranium-232 uptake results are both a value of 5, and the lower

 value uranium-238 tesults support this estimate, For samples from locations nofth of the slough, acid

leaching (HCI) during the measurement of uranium soil concentrations is, therefore, expected to be
prirmarily releasing sorbed uranium that i in equilibrium with the aqueous phase. Either uranium not
available for sorption/desofption is being released in insignificant guantities compéred 10 the sorbed
phase release, or thers is no release of this type. ' '




o
=
—
L
g
=

o
* 1) ol 100 - 0z0 [0 0T 91-¥l  10-S00L61-08 T0-E00L61-SI
Ay (Al 100 080 $0°0 0t 05-8%F  TOPOOLGL-OF T0-POOL6! -SI
| 8l RO 910 . £10 $T 9k ~¥t  10-P00L61-08 10-6500461-SI
¥o EY wo R0 10 0z Ti-0F  TrE00i61-08  NG-ZO-E00L61-SI
| RC S00'0 T I A X vo'T $-t 10-£00L61-08 1G-£00£61-51
il 2T R 000 10 2B §1-€F  T0-TODL6T-OS 20-200L61-51
0 s 170 A 60r0 £ 0T-8F  TOFIOOLGI-OS T6-100£61-81
<0 98 100 60 #1'0 T ol-8 10-100L61-08 10-200£61 -S|
@rw) @) - Cegadp)  (oandpy . @aodp) Gaedp)  Oywdag gl epdweg pos il ddums Riep
G | - LY -+ 0D S . .
© Jog o) pxpog

wetpygRl) T SOIWES P0G PUE JOIRAL 10) SUGKRIUSNIO,) ZEZ-MINET) PANSEIN ¢4 ATAV.L




Fil ' March 17, 1998

F.4.2 Diffusion Coefficients South of the Femme Osage Slough

‘For tranium-238 soil concentration measurements from the samples south of the slough

(irom locations QRSB-004 and QRSB-005), it appears that the HC1 leaching may be parially .

removing utantum from the soil that does not participate in natural sorption/desorption reactions.

The K, values derived from these uraniym-238 dsta (Table F.2) are high (183, 643, and 1,227),
- compared to those determined for the values north of the slough (approximately 5 to 50) and -

compared to the K4 values obtained from the uraniuin-232 data (1.2, 10, and 15). The uraaium soil

and mmwamfmm-mmstmawmmummﬂlmh '
cither the soil or groundwater concentration is a much greater relative change than in the.

contaminated areas north of the slough and will have a much greater effect on the Ky value. Also,
the uranivm-232-derived K, value of 1.2 (in direct contrast to the uranium-238-derived value of
1.227 for the same experiment) comesponds to the sample from the 15-m (48 1050 ft) level in the

_natare of the coarser grains relaiive to the uppes Iying fine-grained alluvium.

coarse-grained alluvium. This value indicates fewer soil sorplion sites, which is consistent withthe . .~
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